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THE PASTURE AEDES CENTRAL AND NORTHERN CALIFORNIA. 
THE EGG STAGE: GROSS EMBRYOLOGY AND RESISTANCE 


ALLAN 


Department Biological Control 


INTRODUCTION 


The embryology insects has attracted the 
attention many biologists. spite the need 
for such research with the culicids, relatively few 
publications deal with mosquito embryology. 
With the exception (1951) these 
papers have presented rather indefinite and 
times questionable information. Gander, 
ever, working with Aedes aegypti (Linn.), did not 
record development subsequent 
that was comparable that the mourning 
gnat, Sciara. 

The present work one phase 
research the pasture Aedes central and 
northern California. This group mosquitoes 
composed four species. dorsalis (Meigen) 
and squamiger (Coquillett) inhabit the inter 
tidal salt-grass pastures the nigro 
maculis (Ludlow) and melanimon Dyar 
inland irrigated pastures. 

Embryological investigations 
undertaken establish developmental rates and 
point out species was 
hoped that additional information 
gained concerning egg diapause suspected these 


species 
MATERIALS AND METHODS 


were obtained from field-collected femal 
which were isolated mm. 125 mm. test 
tube: Each tube was furnished with moistened 
mosquitoes were fed from cotton test tube 
‘toppers saturated with 10% solution sugar 
defibrinated beef blood The blood soaked 
stoppers were replaced with clean 
feeding had been accomplished. 
following oviposition the eggs were placed 
elected temperatures. Samples developing 


eggs were periodically taken for all species except 


Accepted for ition Jar 1057 


posit successfully in the laborator 

Because the original purpose this investiga 
tion was make gross 
tions, whole mounts were egg 
were killed and temporarily stored small shel 


1} 


embryos, intracellular detail was ver poo! when 
nuclear stain was used most cases the 


scured prior to, and many cases during, 


embryos; they were casily injured during prepara 
tion and mounting. Ten percent formalin 
selected because it wa the onl fixative tested 
which would not cause the epys to collapse It 
also had the advantage being storage mediun 

The following are results obtained with 


fixatives that tested. Bouin 
1915) collapsed the even 
and caused extreme distortion the 
embryo. Heating the fixative prevented collapse 
only until the medium had cooled 
less prevented collapse but caused 
tissue maceration than formalin. Carno 
fixative reacted in a manne lar Bou 
to percent caused the cyy 
collapse; lower concentratior resulted in exes 
caused exc Ive maceratior 

The immediate problen 
mounting was clear remove 
chorion. Aqua regia and 
1952) did not completely clear the 
pite repeated ren acid and long period 
tinguished through the 
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tenson, 1950, and Franco, 1953 solu- 10. Pass through progrssive increases cello- 
tion was chosen for the standard technique. olve water. 1:2, 2:1, pure cellosolve, 
This would dechorionate all eggs within minutes for each 

three hours while immersion Mount Canada balsam 

minutes was required for young eggs. Store mounts level surface until the 
tage embryos were balsam hard enough for slide 

distilled water immediately after the chorion had 

dissolved. solution dechorionated older The principal disadvantages this 
Stronyer solutions were too corrosive. Chorion the difficulty clearing removing the pig 


removal was facilitated after the appearance and 


thickening the membrane around 
more full veloped embryo This structure 
old, the vitelline membrane was absent 
developed Because the chorion dissolved un 
evenly most eggs, caution was observed with 
the earl tages. When the shell was ready 
break through thin areas, the eggs 
placed water. chorion was then 
removed manually with tiny mounting 


Jain 
Maver’ carmalum (Nel on, 1915, and Gatenb: 
and Bean 1950) proved to be ver good for 
Overstaining presented 
ince the desired intensity could 


obtained destaining with aleohol under 


whole embryo 


close observation 


Canada balsam mounting medium gave 


result and were eliminated 
distorted tissue Although 
fluid caused little distortion, 
tinued to destain the embryo It was also con 
sidered inferior because was 


rapid 
Two porcelain color plates, 


thirty depressions, were used 
mount this way, many twelve 
amples could handled one time Camel’ 
brushe used successful for 
manipulating the Glass wire loops and 
pipettes were too clumsy even though they were 


less affected the corrosive preparatory solution 
mounting whole mosquito embryos 
| Kill and fix (and store) in formaln, 5 
da longer 
one half hour: 
Wash twice distilled water, minute 
for cach wash 
present) with sharpened 
‘ Wash twice in distilled water, up to 
minutes for each wash 
desired degree destaining obtained 


mented chorion and excessive handling the 

delicate embryos before mounting. Nearly 400 

slide were made. Approximately were 

useful of which about 25 «> were con idered good 


1 
excellent 


GENERAL OBSERVATIONS 


The slide material showed difference 
the manner embryonic development 
pasture Aedes 70, and squamiger, 
however, was unable survive Addi 
tional checks demonstrated that deve lop 
ment continued uninterrupted 
squamiger temperatures from 60°F 
diapause contained mature embryos. Hence, the 
fully developed larva the egg undergoes 
apparent summer winter diapause these 
Table shows the relative rates 
development for dorsalis, nigromaculis and 


RELATIVE DEVELOPMENTAL 
Aedes EMBRYO 


TEMPERATURE dorsalt nigromacult quamiger 
5-50 5-50 


interesting though not unusual that 


developmental rate The longer time required 
for squamiger embryos mature gives addi 
tional evidence thi pecies 


slower in. all stage Other data, not reported 
here, suggest that the embryological growth 
and 


EMBRYOLOGY Aedes dorsalis 


unexpected amount Consequently, 
ufficient number mounts was made offer 
clearer and more complete record mosquito 
embr ology No apparent gross morphological 
lifference between the species were detected 
characteristic of the pattert followed by all thre 


d 

ay 
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| 
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pecies This record was obtained from egy (hg ” The hve pregi ithal egment ire 
ample taken every one two hours SO°F followed bod The terminal 
dorsalis eggs are fusiform, measuring approx segment, telson, the 
imately 170 530 microns. The micropyle portion the embryo extends only 


the anterior tip and may seen the cleared 
chorion slightly darkened plug (fig. 
unfertilized early cleavage stage egg filled 
with finely globular yolk surrounded thin 
layer periplasm (cytoplasm) which becomes 
thicker the anterior and posterior pol 
Vacant spaces are formed the poles separa 
tion periplasm from the chorion. Frequently, 
two three ligament -like strands traverse these 
paces between the terminal periplasm 
chorion 

Because the opacity the yolk, early 
development was obscured eggs less than 
hours old. Between the second and third hour 
the cleavage nuclei begin 
periphery the yolk (fig. The first germ 
cells then bud out into the periplasm the 
posterior pole 

the fifth hour, the cleavage completely 
occupy the periplasm. The germ cells 
posterior pole have increased number form 
pyramid larger round cells (fig. From 
the fifth the hour 
represented progressive changes the blastula 
The blastoderm becomes distinct cell mem- 
branes appear around the cleavage nuclei 
periplasm The cells the blastoderm progres 
ively thicken until they are cuboidal. this 
occurs, the germ cells sink back into the yolk 
and become covered the blastoderm While 
these changes take place, cells which are evidently 
vitellophages can seen throughout the yolk 
Between the eleventh and twelfth the 
blastoderm cells elongate the ventral surface 
the yolk Their columnar appearance the 
first indication germ band formation 

Between the twelfth and the sixteenth hour the 
blastoderm undergoes general breakdown which 
accompanied the development the germ 
band The thickened cells the 
ridges expand somewhat cephalad and caudad 
expose thinner layer cells lying 
between them. Bois (1932), who had seen 
this median layer Sciara, designated 
entoderm She stated that the two ecto 
dermal invaginations, which later appear where 
the entoderm was formed, pu h these entodermal 
cells inward 

The definitive germ band traverses the length 
ventrally. Its caudal portion extend: 
over about one-third the dorsal surface the 
olk Its extention cover 
one-half that distance the dorsal olk 


the ( 


urface anteriorly (fig. 
Within the next 


germ band rapidly that origin 


hour egmentation ol the 


little farther over the volk, but the caudal portion 
continues to grow until it almost meets the head 


nents give mse 


The pre gnathal 
cephalie process¢ 

into the definitive head and constitute 
the central nervou tem. The cephahe pro 
cesses, at least apicall appear to be tnilobed 


The \ lates 


The germ cells, obscure since the formation 


the germ band, are now within the 
development the germ cells into 
gonads hidden other thi 
stage the embryo and yolk are urrounded by the 
external embryonic membrane (serosa Portion 
the internai membrane 
which surrounds only the embryo, are 
Prior segmentation and outgrowth 


cephalic lobes, the membrane not 


apparent. Soon after this stage the 
is first seen as a very delicate tran parent wh 
closely surrounds the serosa, separating 


from the chorion the fourteenth hour 
becomes much thicker, harder structure and 
remains until 

The position developing structure thi 
point, has been deseribed relation the egy 
development relation lo the elf 
other words, structures deseribed 
dorsal the embryo will actually ventral 
the egg 

During the following hours, changes are les 
spectacular and growth proceeds 
rate. about the twenty-fourth the 


mouth parts appear as lat ral ippendage ol the 


sixth, seventh and eighth segment They grow 
around the yolk and reach the venter 
embryo the thirt hour the 
time, the brain segments undergo convolution 
They fold back upon one another that 
original relative positions become Ner 
ous tissue destined become the 
ganglion pushed ventrally the growth the 
gnathal The progressive develop 
ment of the brain from the twentieth to the 
figures 12, 13, and During this interva 
the cephaly revior ha estab hed it fina 
position the egg but the caudal region graduali 
move back and awa from the embryonic head 
the forty-fifth the fiftieth 
embryo ha decided different ippearance 
(fig. The embryonic head divided into two 
distinct the pregnathal and gnathal are 
The de clopment of the pregnatl i regio includ 
ing the central nervou proceeds rapid 
follow the the original 
gnathal segments begin enclose the 


it 
ne 
i 


he lat eCymen ue repre 

two prominent bulbs thorax 

and abdomen are still series undifferentiated 

met ore 


about hours the stomodeal and 


proctodeal invaginations begin grow 
the apex each these invaginations, nebulou 
groups darker cell the entoderm 
the eve pot are ¢ ie mt in dechorionated egy 
ho evel their outline VOTC no longer harp 
and mounting 

changes are seen (fig. 
embryo has shortened that les entirely 
the vertral side the yolk. The cephalic region 
ery distinetive, displaying additional 
velopment The maxillae and 


The definitive buecal cavity evident between 
and the pregnathal head 
region. appears that the mandibles are not 
urrounded the body wall. They 


1 
ire complete) 


the maxillar 


drop into the cavity anterior the 
shaped esophagu The progressive 
velopment the mouth parts thi 


The thoracic are, this time, 
and than the abdominal segment 
Because the telson has almost 
tion, the abdomen consists segments thi 
forked appendage which 
the iphon (ig. ¢a) The lateral extensions of 
the seventh, eighth and ninth 
ments and the thoracic segments have grown 
little more than half way around the yolk ma 

Soon after the fiftieth hour, the stomodeal and 
proctodeal invaginations their 
inward result this growth. Each 
rudiment sends out thin strand tissue dorso 
lateral] along each side of the oll After 
they join, dorsal growth the entoderm rapid 
Subsequently, sheath entoderm separate 
the rest of the embryo from. the olk The 
ventral growth the entoderm keeps pace with 
that of the body wall 

Growth and differentiation are rapid the 
sixtieth to about the seventy-second hour when 


The mouth parts acquire their final form The 


thoracie and abdominal portion of the bod 
wall, followed the entodermal midgut, 
urround the remainder the yolk. Soon after 
this the iphon assumes definitive 
form the lobe Finally, the 


larval cuticle with its distinct pattern hair 
tufts and setae becomes evident (fig. 

During these final stages the serosa and 
remnants disappear, evidently being resorbed 
into the body The larva 
rounded only the tough, transparent, 
membrane. Upon hatching, the vitelline mem- 
brane and chorion crack the cervical region 
There seems definite weakening thi 
discernible prior hatching 

Gander (1951) observed rotary movement 
the larval head following the 
embryonic development. believed that thi 
movement, aided the egg-burster, 
preformed breaking point the chorion This 
activity alone was not sufficient burst through 
the chorion, but at the time of hate hing, the A 
stretched out longitudinally causing 
the final rupture. Gander stated that the rotary 
movement the head might take place weeks 
months before actual hatching. This rotation 
the head was not seen the eggs the pasture 
Aedes: however, other factual explanation 
the uniform dehiscence these eggs 
offered here 

outstanding characteristic this embryo 
logical picture that the embryo 
involute any time addition, part 
was observed sink into the yolk 
Sctara (Du Bois, are 
restricted extension and contraction over the 


Crt ated a 


1 


that, generally, egg with long germ 


bands and abundant cytoplasm 


EXPLANATION PLATE 


| fertilized longitudis ect Kia. 2 2-4 
hour lateral 1G. hour lateral view 
hours, ventro-lateral view Pig. 16-20 
our lateral 1eW hia. 6 15-900 hour dorso-lateral 

Dorsal aspect Sth abdominal 60-65 hour 
S 74 hour entral vu cloped embr 
Gnathal segment lateral vie 
Fic. 10. Gnathal segment 35-40 hour entral vi 
seyments, 60-65, hours, ventral 
diagram, Pregnathal 25-30 hours, 
140) hours, lateral diagram hig. 1 Pregnathal seg 
nent 15-52 hour entral wv 


ophagus; foregut erm germ cell 
gnathal segrne hy, hind t labium; It 
libular segment: n micropyvle; mst, mesothorax; mtt 
mx, maxilla; eyment 
pregnathal segment prp, periplasm; pt, pro 
orax; ptd, proctodaeal imvagination; ser eTo 
pho thr thor 
tla, te ep, epit 
entriculu 
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during development 


thoracic appendages are developed during 
nor are evanescent rudiments 
uch structures ever seen 
this apodal development common the 
Diptera Neverthel most insect embryos do 
develop these appendage as well as others such 


The SC appt nd 


appear temporarily even though the 


the first and second 


have long been discarded postnatal develop- 


ment during the evolution many 
is beheved that the ledes embryo posses ed at 
least rudimentary first antennae 


identification these structures was not 
the whole mount 

The embryological development the pasture 


dipterous insect 
DESICCATION 


females the pasture Aedes are 
restricted to moist soil Neverthel 
remain viable and produce larvae year more 
after the earth has become 
are resistant why these 
ground 

damp oviposition site may considered 


‘ 


quitoes oviposit only on mois 


have it least two advantage First, an area 
flooded once likely reflooded before dry 
areas nearb Therefore, dampness may indicate 
the possibility future larval 
Second, newly laid eggs will sur 
vive only very humid environment 

Gander (1951), working with Aedes aegypti, 
that the character the shell 
Chorion transformation was 


deve rt 


changed with 
render the resistant desiccation 
This was correlated in some wa with the color 
change newly laid trom white black 

The following work with dorsalis, believe 
further clarifies the means which Aedes 
oratory, unfertilized eggs appear react normally 
The turns from white black the 
customary manner about hour after 
tion. These eggs also remain turgid for week 
Jonger the presence adequate moisture 
fully developed embryo 
unfertilized equivalent age quickly 
collap e when exposed to the humidit of the 
laboratory Consequently, it is beheved that 
the aging shell 
not render mature resistant desiccation 
The chorion 1s a non living, extra-embryon 
tructure Therefore, also seems doubtful that 
would change with the growth the embryo 

Assuming that the chorion not the 


u pected that resistance to 


induced change 


factor, 


desiccation 


embrvological 


development dorsalis eggs 
80°F. were exposed the laboratory dish 
about foot from 60-watt All eggs 


hours old showed rapid increas 


resistance desiccation hour 


eggs remained turgid for day and 
were then checked, found viable, and 
this case, was acquired within short 
little more than day after depo The 
acquisition resistance was not gradual. 
then suspected that embryological event 
events which occurred during relatively short 
period could have been 

about the twentieth hour major 
changes occur. The germ band seg- 
mented and the embryonic envelopes 


and Serosa ) become apparent Furthe rmore, the 
thin transparent sack. With 
membrane bec oOmes thi ker and harde I 
possible that either the embryonic envel 
opes the membrane, both, could 
water loss from the egg. 
the embryont 
They are 
evidently resorbed the embryo. Contrarily, 
the vitelline membrane persists 
period when the egg most resistant desicca 
tion, being with the chorion when 
larva hatche Therefore, it 1s believed that the 
vitelline membrane must 
for the resistance the egg desiccation 


regulate 
when development 1S completed, 


membranes are presen 


The activity the membrane the 
young eggs the vitelline membrane 
not yet developed. Once the chorion dissolved, 
these ¢ gs are very susceptible to the corrosive 
action sodium hypochlorite. When they 
transferred distilled water, they begin swe 
within few minutes. The vitelline membran 
older eggs highly resistant sodium hypo 
chlorite corrosion and when washed distilled 
water, the cpys do not swell because Ol wate 
uptake addition, necessary puncture 
the membrane order permit stat 


demonstrated that in 


) 


penetration. Thus, 
living preserved eggs certain fluids 
water) not easily pass through this structure 
Most workers agree that the vitelline 
transparent, non-cellular layer located beneath 
(1935) stated that the cell wall the ovun 
becomes the membrane the 
eyy Johannsen and Butt (1941) presented the 


view of Korschelt, who stated that the vitelline 


pt ripla 
Baement (1949) stated that the fertilized egg 


| 
| — 
4 
K 
; 
NE} 


immediately before oviposition. 
covers the entire inner surface the 
first very thin and colorless, but the sixth 
day been supplemented additional 
material Tests showed that impregnated 
vith high melting point wax. The membrane 
comparatively resistant solvents and 
permeable salt solutions 

ledes eggs and the fact that becomes thicker 
and harder with age are 
Korschelt’s ideas concern ny the vitelline mem- 
membrane Rhodnius also suggest similarity 
that structure and the vitelline mem 


brane of Aedes « yy 


SUMMARY 


The embryology Aedes dorsalis, nigro 
maculis and squamiger was studied order 
make Comparison Particular attention 
was given the relationship between 
growth and diapause the eggs these 
quitoes dorsalis and nigromaculis develop 
mental rates are equivalent, while 
embryos require considerably longer 
mature. This further substantiates the innatel 

At temp rature which are not lethal, growth 
and differentiation continues without interruption 
The mature embryo larva the egg 
the summer winter diapause suspected 
pecle 

typical all three species sublethal 
tures. These embryos neither involute nor sink 
Movements are restricted 
extension and contraction over the yolk 
appendages are developed 


during embryonic life, nor are evanescent 


into the olk ma 


ments such structures seen However 
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Bull. Calif. Insect Surve ol, 
1, pp. 103-134, pl 9-16, 23 map University of 
Pre cent 
paper elcome addition the gro list 
ect { of that state The format milar t 
mbers of the seri After a brief introductio 
the thors present key the species Oxybelu 
occeurr Nor Ameri t] the 24 
peck occur! ( for dered (pre 
had been recorded from that te! 
Under pecies presented brief discussion 
ome ot the more important Character note on geo 
nda listing California and the more 


it is beheved that the embryo Posse at least 
the rudimentary first antenna 
firmation these structures was not 
the whole mount 

It Was demon trated that th vitelline mem 
bran became evident at the Line the 
developed resistance desiccation. Experimental 
evidence indicates that this 
plays major role rendering resistant 
to desiccation The origin ol the vitelline mem 


brane discussed 
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BAT TICKS THE GENUS (IXODOIDEA, ARGASIDAE) 


SECRETARGAS NEW SUBGENUS AND TRANSGARIEPINUS 
WHITE, 1846, ITS ADULT AND IMMATURE STAGES; WITH 
DEFINITION THE SUBGENUS 


HARRY HOOGSTRAAL 


INTRODUCTION 


White (1846) from three cotype specimens, now 
British Museum (Natural History), found 
Ganep the old name for the Orange 
Neumann (1901) reported specimen 
from Cafréne Province, Union South 
Africa) under nonymus 
kochi (Pans Museum Berlese (1913) com 
mented two specimens, one the wall 
building and the other biting 
this rare and highly secretive tick 
but over period years more than five hundred 


have been collected from local popula 
tor (Hooy traal 1952 1954) and numerou 
others have been reared the 
ingle specimen Teruel, Spain, was seen 
Juttall (Hoogstraal 1954 Recentl have 


been privileged examine two larvae thi 
pecics from savit (Bonaparte, 
IS3S7) from Syracuse, Sicil these are part of a 
lot (T23) collected im Jul 1955 

Bedford (1934) considered the 
upposed differences prominence 
humps, inconclusive factor considering possible 
variation and paucity material 


diagnosis adults (Hoogstraal 1952 


previous the type specimen 

The present full and 
both sexes and the immature stages thi 
peer IS part of an effort to establish a pric tical 
concept ol peck relation and ubgeneri 
posals subdivide the genu Irgas into 
independent obseure the obvious natural 
relationships among members group 
penera of Ixodoidea have, in ral, become 
well established following the monumental work 


of Nuttall and Warburton (1908S to 1924), pecies 


Research Report NM 005 050.39.47 Phe opinior 
nd a ertior contained herem are the pri te one ol 
t hie vuthor and re not to be construed ; official of 
the iews the Department the 
service large Accepted for publication 
16, 1957 


1 Medical Research Unit No 3, Cairo, Eyvypt 


the order are few, and individual genera are 


quite homogeneous. Little aca- 
demic utility can gained from tampering with 
present concepts most tick 
trends among ticks, especially the 
genus are lucidly demonstrated 
ubgen ric level. 


Secretargas new subgenu 

Parasites of which bats (and possibly lizards) 
quadrate width equalling least 
two-thirds length. line (lateral suture) 
present; hood and ventral absent. 
Integument with small, ridge-like granulations 
and rough body 
dorsally and ventrally; discs moderately distinct, 
not arranged clearly radiating rows. Mouth- 
parts concealed from dorsal view. Legs fairly 
short and almost entirely concealed from dorsal 
view; with subapical dorsal protuberance: 

the subgenus: Argas transgariepinus 


White, specimens British 
Museum (Natural History) 

presently known the subgenu differs from 


members the subgenus Argas body outline 
integument, shortness legs, and presence 
subapical dorsal protuberances on tarsi. The new 
ubgeneric name, proposed here refers 
pecies; another definition the same word 
may also taken indicate the 
this subgenus from the subgenu: 
Irgas, with which, however, has many salient 
characters common 


Subgenus Argas Latreille, 1796, 

Parasites which birds are usually 
pre dilection. Body flat, considerably longer than 
length; sutural line (lateral suture) present; hood 
and ventral absent; body margin 
dorsally and ventrally with 
Integument with minute folds and 
mall, smooth mammillae; discs 
distinctly radiating concealed 
from dorsal view. Legs moderately long, much 
longer than body width, tarsi lacking dorsal 
protuberances 


the subgenus reflexus Fabriciu 


q 
q 

| 


[loogstraal Bat Rs o} the Area ode 


1794, Latreille, 1796, not known Froggatt, 1906 
exist. Neumann, and passerinus Schulze, 141 

Other species subgenus: This subgenus Although appears likely that several 
contains persicus (Oken, ISIS), hermanni ubspecies closely related reflexus parasitiz 
Audouin, 1827, cucumerinus Neumann, 1901 wild birds various parts the world, 


tatus individual members this complex (Secretargas) transgariepinus 
al pore Aittie 1 CCT] 


The Secretive Bat-Arga 


Remark; The subgenus Argas redefined 
between this subgenus and Secrelarga White; figured plate fig. 
Remarks above ovoid, minutely verrucose, upper 


rt 


except the edges, pitted, margin entire. 
Irgas is of a brownish red: the legs rather pal r 
REDESCRIPTION 
9.00 mm. width: ave rage specimen 10.50 
long and 8.75 mm. wide Body (unengorged) thin 
and flat, concealing and most legs 
outline quadrate subquadrate with more 
rounded posterior 
omewhat variable: posterior 
rounded than 


parailel to 


(Oo 


Wit 


length 


margin 


more graduall 
lateral 


margin frequenth 
anterior 
light] 


cle vated lea 


margin 
(engorged central 
ving flattened peripheral flange; 
narrow, transverse integumental 
lemon reddish yellow, red, 
(engorged) darker to black 


progre 


dor 
1OnM acro 


Dorsal integument irregularly gr: 


anteriorly, granulations tending 


minute granulations among 
ind irregularly striated 
erse] depre ed acro anterior third and 
ith three linear 
posterior halt Discs moderately distinct 
periphery and frequently grooved 
depends largely integumental coloring 
degree engorgement Lateral integument 
vith stnations from dorsal and ventral 
terri pted b tut e (later uture that 
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Argus 


completel encirel bod 
quite 
mammillae ar 
arranged a 
and 
between each lateral stri: 
ventrally 
ventral 
Capitulum mal 
ituated slight] ante 
Basis capituli ventrally 
convex lateral margin 
hai 


twice long wide 


minute pale, rare 


and 


ale 
emarginate, 
api al half posterior of cor 
files, basal 
the ( dentu les 


the anterior 


hall 3/3 13 


with two pairs 
ng at leve 
egmecnt ind 
the 
of ba al palpal egment ane 


half of 


h poston 


palpal 

eyment posterior ari 
by full length 
progressive 
egment 
absent 


Lo 


lateral 


lit ituated at level ol ba 
If situated 


elliptical; antenor ha 
half of coxae I\ ippro 
hairs arising 


and 


from © 


organ ventral groove 


su pracoxal folds pre ent bu 


organ aperture 


Legs 


hort and tout: | to) 


ryt 


Vposlome 


both 
Irregular 
t level of coxa | 
angular ith mild] 
row least thre 


( 


atel 


Spiracular plate 


{ 


longer Coxae II to IV tr 
ubtriangular, separated 
deep, narrow groove, more 
what larger, bounded 
two-humped subapical 
proximal hump with two pairs 
distal hump with one long and 
abruptly tapered distal hump 
each with single humped, less 
dorsal protuberance bearing 
tapering distal hump 
I, [IV even more gradu Lape 
with two pairs hay 
apical hairs, four 
Pads sma Cla 
equalling 
tuberanes I] and II] ( hat 
issive and more 
to dt} i 
7.50 ong and 6.00 


blunt] 


three or lou 
or five tik bu 
veaker and |e 


1 
evel of inserts 
dy to poster 

te dir r heve ( 

nent 

r from basal te 

tt 


aperture 


at level of 


pale 


Ventral 


lt bod 
I \ ( yl il 
mre 
other 
tant and ) 

ly 
much 
rotuberanes th 
f haw ind ti 

short 

( ited 
ipt tha | 
three 
pall ( 
r 

dor i 

rger; 

cept for idler 
rture “re 
ength and fro 


Genital aperture 


( oval anid 


rived 


| 


i urlace except that 
kcept for a ingle one 
: 
tiller 
posthypostomal 
lof muidlength of ba i 
Fic. 10 Fer e, det of dor tegument wer 
Fic. Female, details lateral integument 


coxae with 

dorsolateral hairs that 
claw of IV large t | 
than female 


NYMPH 


though Mare mph 


light groove place the 


Pema and have 
aperture 
lations and 


hia. 13 Male 
hic 1S Fen 


ubapi al 


pai ot 


omewhat smaller 
and with two 
are not observed femal 
mut relativel less massive 
adults except 


may equal all but 


The integumental granu 


are finer than adults and 


\ 


ed 


ure 
capitulum 
rsi 
ipitulun 


the capitulum closer the body margin 
Features the capitulum are quite 
those the adults. noteworthy that the 
aperture the coxal organ clearly visible; and, 
except for size, reduction numbers few 
groups hairs, and less pronounced tarsal hump 
there little difference between first and later 
measures approximately 3.80 mm. long. 
Measure 


nvorees 


approxi- 


\\\ \ 


ric. 17 Nymph, large, capitulum 
first tar pitulum 


| 


natel 1.20 mm. from apex hypostome 
posterior body margin; color pale white; mouth- 


parts arising from anterior margin 
lateral margins body parallel 
posterior margin bluntly rounded. dorsal 


body numbering 


ixteen pairs laterally, three pairs anteriorly, two 


laterally, and three pairs posteriorly 
ventrally five submedian pairs extending from 
anterior level coxae level anu 
Capilulum comparatively large, situated anterior 
Basis capituli with bluntly rounded 


base ventrally, concave straight 
dorsally, lateral margins 


from 
long greatest width; bluntly rounded 
anteriorly with indication weak 
corona, lateral margins parallel; dentition 2/2, 
denticles numbering 
file; pair files 
four denticles anteriorly; 
minute, pair. Palpi extending 
hy postome; segment ? only slightly shorter than 

horter and narrower than 


converging 


tw 


Im cacn 
composed ot two to 
posthypostomal hair 


one apex ol 


long hair from each valve 
Legs moderately long and stout. pro 


gressively larger from basally rounded 


light indication subapical dorsal protuberance 
relatively, smal] 

Body shape 
distorted 
hypostome 
Legs 
separated b 
Hairs frequently missing 


pad large; claw 
LARVA (FULLY ENGORGED) 
mm. long 
concealed from dorsal 
broken during removal from host 
visible 


integumental stretching 


mca 


VICW, COXA 


BIOLOGY 


pl 
ot thos 


4 Or 


ul high ecretive parasite ol bats, chiefl 
olitar that rest sing 
barren from 
Seldom found humid cave 
bat 


not d be low 
small cleft 


IT) 
crt 


Ome 


which 


more 


roost, 


yrepanriou 


visits its hosts, which rest any great 
number clefts available this area. Strenuou 
pickaxing necessary obtain specimens from 
the narrow cracks and interstices which 
ticks conceal themselves. Only infinitestimal 
proportion wild specimens are found engorged 


leate ad 


OWCVCT 


Thue 


ngorged 


Bat Ticks the Genus 


viduals, apparent that geckos, the 
vertebrates inhabiting the Huatio Lime 
also serve as host 

Larvac in Kg pt are found 
Rhinopoma harwickei cystops Thoma 
serves as a host As alread tated, geckos ma 
also. be para itized by this tick All stage feed 
on an peck of bat in the laborator and adult 
and nymphs become partially engorged 
beings. Life presently under 
way and will reported 

Dr. Gertrud Theiler called 
attention certain facts concerning the localit 
which the original specimens 


alleged b several reviewers that these collection 
were made Basutoland, travels did 
not take him al ere neal Basutoland 
indicates area between southeastern 


> 
eastern Bechuanaland 


Free State and present da 
whi h IS a dr 


UMMARY 


from outh 


Sicily, one (now lost) from Spain, and many fro 
Giza Province, Egyptian populations 
both and of the tape are 
deseribed ind illustrated | Provinces 
this tick secretes itself cracks cleft 
bats occasionally roost: feeds these well 
hun 

proposed for thi 
pec iracter In commor 
vith mei Irea vhicl 
redefined 


pti Acad 114-27 
1954 vote rth Afri tick re e Br 
Museum (Natur collect Ent 
oc. Washington 56(6): 2743-79 


14(2-3): 
A monoyraph of the Ixodonde ( ! bridye 
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NEW ERA IDEAS SYSTEMATIC RELATIONSHIPS WORLD 
TABANIDAE (DIPTERA) INAUGURATED MACKERRAS, AND 
ITS IMPACT NOMENCLATURE HORSEFLIES 
THE WESTERN 


Department Health, Education, and Welfare 


Institute Allergy and Infectious 


The famil idae has alwa beer popular 
the Diptera both to tematists and to thos 
potential disseminators disease agent 
vithin three ears of a centur Low w (1860) 
proposed the first major, suprageneric cleavage 


based the presence absence 
hind-tibial spurs provide two 
(lates The contents the 
however, have well defined 
exception certain excluded minor elernents 
vhich the latest are the Australian and or North 
and South American 
and 
Most annoyingly, almost all 
characters the family have shown exception 
and « panded the need for new concept became 
nereasingly evident. toward this 
ide Lutz (1914) when established his two 


merely had the raising the previou 
ubfamul cablepyor b another level and wa 
till based concept the 
presence absence the spur The arrange 
howe VOT enabled (1925) Lo 
ntroduce his claborate and often artificial tem 


tribe 


cmatization ob man other tamale of the 


has steadily progressed, aided 
eritical studi of genitaha of one or both sexe 
| ited tui everal worker however 
ive what now come realize 
faise preture ot the complete terilit of this field 
the Townsend (1935, 1942) abl 
the growing opinions the 


haracters onl The time was ripe for 
Medical Research Australia, try his micro 
the genitaha the world ind 
not, heretofore, limited fauna 


1 


surprising and fruitful, least far 


proyre ed chief] dow! to the tribal eve] 


Accepted tor pul Jar 1957 Read cf 


550 


PHILIP 


Health Service, National Institutes Healt 
Rocky Mountain Laboratory, Hamilton, Mont 


This hardly accident since his interest stem 
from long attention the tabanid fauna 
Australian region, which, together with related 
elements the Neotropical fauna, the oldest 
and many ways richest earth 
Elements the family this and other area 


vell illustrate (op. cit.) 


“embryonic, nascent, mature, and group 


point evolutionary development, and Banks’ 
(1910) comments dynamic insect distribution 
Mackerras (1955a, 455) recognized this 


of Tabanidac 


Many genera among the 
outhern South and 
with relatives South Africa. Con 
versely, even successful 
de velopment In point ol peciation ha taken 


place the Northern Hemisphere the genera 
Tabanus sens. lat. outhward 
the present discussion call attention the 
revised conception of tematic relationsh ps 1n 
the New onl although Part 


fauna, is stall in preparation b Mackerra He 
geographic trends, two features which 
are ancient, southern 
pathway and more recent specialization and 
radiation the Northern The 
richness primitive derivatives South America 
has suggested the further 

that the family had its tropical 


America and radiated two main branches both 


outhward and northward. Good evidence sup 
ports the views these two author Mackerras’ 
revision, which provides four 


the Tabanidae (illustrated Fig. 1), appear 
acceptable. The heads and fronts generalized 


repre entative “ure hown 11) Fig 


Pik CHARACTERS 


pre wou reliance 1 cl ot CXteT i 
paper | par dro 
enerou for rded prool p ( per 
mre 


1957 


Philip 


characters the different 


misplaced emphasis and erroneous association most, not all, 
genera, fact further emphasized Oldroyd differential ter, whe 
tudies the Ethiopian fauna (e.g., the not 

group ol Tabar i, 1954, p. 133 Fortunate! . here the conditio ri 

Mackerras has not relied genitalic two wit the same individ 
time-proven external characte to produce a Hin with cell closed) and 
more natural rearrangement related group Phil. with cell open 
which quickly apparent wh these new of C. M Jone et Enderlei 


err 1954. 8 
le 
id ancement i 
Exceptions generalized ext 
have also now come 
ind explanation parallel 
tionary development mort 
Tribes and subfamilies have 
of mere mechanical te 
ha become comprehet ible 
ith better zoogeographi 
still painful vident 
that rehable 1! Ore ibf; 
differentiation not necessa 


PANGONIIM 


Systematic Relationships World 


JAE SCEPSIDINAE CHR YSOPINAE TABANINALE 


‘ lapted th per | 
realization the irt 
rnal character a The Noy etulose « dit 
converging evolu prin itive chal ! | 
readi] acceptabli peciahlized Tabant thi 
pl Oldro | ! ( ) 
ita given characte ed lahanu 


apricu My 


of 


/ pel 
rearing 
ha used 
| \\ ( | | \ 
Bellard 


relatives Slenolabanu 
tructure pa! etulose 
ple Of CO eTgence vith the 
aillerent ty lor purpose of the Tribe 
] date recog! the ( two 
developing, phylogenetic 
the antennal flagellu pecialization 
of the basal plate Preque nt] vith basal hook or 
Numb, processes the annul, and di ippecarance 
progression probably accounts for 
the Tabanim, and in the chr pire Prono pes 
antennal hook has obviously appeared more than 
different group While the specialized 
tend lose their ocelli, suspect that the 
Nearety yhbomitra cincla lor which 
1925) the artificial genu 


Dasyommia, resurgence than 


ravive por tenes these tructure 


Possibly the Leucolabanus 


The bare vanably hairy condition 
tematic use, bare eve being con idered 

ore primitive that the bod 

dner higher climates convergence 

all three major subfamualte This has been a 
useful character, particularly conjunction with 

on earct / tedalu tore d ese 7 

teh i ire oo ener 

repre ‘ ! «Ty ‘ ! | te 


SCEPSIDINAE 


PANGONIINAE 


mm 


the 
genotype, bovinus Linn. Whether 


the divergent groups are considered 
only subgeneric level, again 
fev pecies complicates 


determination group limits, and equally 
difficult decide where stop when 
one uch distinctive groups 
and Nevertheless, the important 
group set the mostly northern 
Analogous difficulties 
are encountered other dynamically developing 


chrysopine Mesomyia. Whether intensified 
studies will aid clarifying any these 


generic difficulties remains for the future. 

Mackerras’ studies have demonstrated 
the importance undivided sternites, plus, 
the males, bifid styles, differentiating the 
from the higher groups, 
collars the spermathecal ducts females, 
apart the specialized Tabaninae the 
Chrysopinae (Fig. These are characters 
phylogentic significance, but few exceptions are 
noted even characters. Ovazza and 
(1954) had also noted differences the 
between 
females the (mostly Chry 
and the Tabaninae but the 
Dorcolaemus 

Mackerras 
far too meager for fruitful correlation vet, 
but what there is, consistent with the regrouping 
tematic revision. his own words, 
The groups appear natural, that the 
characters rarely tend merge into 
one another, there evidence 


duct 


pointed out, the 


TABANINAE 


r 
| 
\ 
y 
~ 
2 Head 1 fro , ener ed repres« ‘ die caplia Australi ee psis Brazil 
leprou ( ‘ d, ¢ Australia Adapted th pern on from Mackerra 1054 
! 


evolution them, there good general correlation 
and external characters, and 
the little that known the larvae and 
the classification based the 
much better than the old arrangement based 
the hind tibial 

Another potentially useful character, which 
considered sparingly, e.g., Silvius and 


between 


On 


only 


knowledge on a world basis, is the varied eye 
pattern and colors specialized groups; these 


were fragmentarily employed Lutz (1914) and 
Schuurmans Stekhoven seems 
that broad, systematic study eye colors will 
have supplemental value, particularly Taban 
inae and Chrysopinae. 

Because evident 
intergradation, and frequent exceptions that show 
characters, especially the more specialized 
statement Mackerras’ (1955b) when 
Mesomyia could well apply many other 
recognized, the will have to be defined, not b 
key characters, but 
minor characters 


parallelism, 


CONVETPCNCE, 


tively sufficient indicate genetic uniformit 

OLD AND NEW SYSTEMS COMPARED 
his Genera Insectorum review, Surcout 
(1921) treated the family under 
two and their contained 
accommodate more Enderlein (1925) 


Sections Opistacanthae and Opistanoplae. Though 


Lutz’ (1914) groups, schistocerae and 
‘ie ha plocerae, were in a sense the equivalent 
tribes, the tribal concept for 
Tabanidae was first applied Enderlein and 


by Krober It was later also adapted 
fauna Philip (1941) 

Krober’s (1934) treatment for the 
fauna and (1947) for the Nearctic may 
for comparison with the new the Western 
Hemisphere the two 
fauna 


refined 
to the 


elements in 
another 


(the equivalent 
are set Oppo ite one 


(Neotropi il Phil 


Par 


Krober ip (Ne irctu 


Pelecorrhynchinae 
excluded 1947 


orrhynchinae 


ubfamil 


ilviinae 


Pango if 
Pityocerin 
Panyoni Panygoni 
present Merycom 
sense though more modern interpretatio 
Pownsend (1942), have considera] tered their are 


Systematic Relationships World 


labanidae 
Il Opist nopl ‘ babar 
Lep elagn ( ot prese 
Diachloringe 
Acant eT prese 
Diachlor 
Bo 
tenotal ‘ te tut 
( 
not pre ( Oo 
Bellardi 
Psalid prese 
Pabar lal 
| iba 
present 


genitalic characters, the tematization supra 
taxa world species contracts 
basic subfamilies with representation the 


World depicted the following diagram 


Philo 
Only two specialized tribes are not represented 


found 
America 


found 


another 
not 


the 
North 
(SA), but the 
(Am) 


Hemuspher 


] 
repre 


tern 
Sout! 
entation 1 


both tour sma 


East and South 
differences between the above treatment 


and the arrangements and Philip are 
once apparent The Chrysopinae and 
are conceived branches the same stem, and 
Mackerras that new 
how one relationship of the ill far 
Braunsiomyia justifies the 
separate 

The writer’s behef that the old and 
emphasis the hind-tibial spurs 
the family into two and more 
empha or the triba vel concept 
diversification and 

Fron the zoogeographu tandype ! 
tion to age in the far Mackert Fé 1 
most ancient, tho the Chr prob 
It of terest he te that th 


labanidac 
cep | \ ( Of ‘ 
Rouviermovir Am 
fe or 
1 


nicl cloped 1! 

radiatio nto the 
representative 

Pangonius found 
riect] } () 


dist 


wot 
radiation represente 


VM erycomytia of eastern 


1 
( the last is actuall more 


chem 
than 
reduction the 
tibial spurs are 

In contrast the 
‘Tabanin and Haem: 
phere the last becon 
and Oldroyd 
abundant America 


the Americas cast Java the South 
the Dasybasis argentina 
uch remarkable resemblance to the haem 

Lopotine ater marked Viny patter! ever to 
the sugyestion rosettes and marginal band 


that was 
bare, however, and tl 
several 
are and 
eastern 
common 
(Philip 1953) 
in the Palaearcty 
retracing the 

establish 


any holantaretic taba 


hlorine element ire most 
outh America with major 
] trala lan regio! ind a) ] 
Ol Pa 8) i! t he 


Australia, with 
ribution, and northern 


U.S. Though generalized 
annuli though the hind- 


the least developed 


have become most 
the Northern Hemi 
especially diversified 
upyest the tribe was once 


representative south the 


ubepaulets have remained 


style four-annulate 


Chrysops 
exceedingly close the 
(Linn.) the Old World 


have derived ver recentl 
the 
econdary radiations, 
neestral migratory route 


t (Becker) appeal to have 


t no tabamd ha become 


species known 


W hil Mackerra ha gone a remarkable job 


sampling the worl 


and revising 

Jay memyia, 
1 le Nort Amet i 


basic relation 
cor neura ‘ 
he first known of these pec 
called to my ttentio } 

le Ire 


rrower pale abdon imcisure horter proboss 

that the body not ello 
cf ngensis Ouchi from eastern China 1 likely 

nemyia also. However, bot 
OX rf ese are needed u ew of Mackert tate 
that “it would wise leave final 
lew mo the tatus of Slomemyia d Pilima 1 
the Palaearet pec ol capliell | Cor neur 
ive been re-examined 


complementary studies students the several 
continental fauna South America this need 
particularly evident Diachlorini and North 
America regard the latter 
Mackerras’ (1955b) remarks about Mesomyia and 
its relatives could equall 

“This decision [subgenera vs. genera| can only 
personal and arbitrary, depending the weight 
the individual give particular 


character 

Among the generalized western 
North America, the utility his genitalic 
and Pilimas, the latter 
ubgenus the former, illustrating that external 
are not necessarily reflected 


niginall de eribed as a 


attention will have paid genitalic struc 
tures Tabanidae, though also apparent 


that these will never reveal the 


characters such as are now so indi pen able for 


tudents the Culicidae and 


SUMMARY 


Revision the higher tematics the 
Tabanidae the Americas discussed the light 
of new method ol approach particular] b 
correlation genitalic characters introduced 
Representative genera all four 
families the new arrangement and all but two 
tribe are found parts the 


Western Hemisphere 
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DEVELOPMENT, STRUCTURE, AND FUNCTION COVERING EGGS 
FLOODWATER MOSQUITOES. OVARIAN DEVELOPMENT' 


ROBERT 


ye 


WILLIAM 


Universit 


There are a number of readil\ observed 
phenomena associated with the eggs floodwater 
that suggest the shell structure 
with unusual properties. North America 
these 
genera Aedes and Psorophora. They are 
situations where conditions 
occur, retaining their viability out water 


are produced bi mosqu1toes in the 


longer. Inasmuch full 
developed embryo within the egg during such 
extended periods (in contrast to the partial] 
developed embryo within diapause eggs gra 

hoppers), seems obvious that factors tied 
with successful hatching are connected with the 
egg has been shown that oxygen 
must removed from the surrounding medium 
before hatching will take place, but even when 
uch condition exists the hatching 
irregular certain other conditions 
been met first (Horsfall, 1956) These environ 
mental conditions differ among species, and have 
been collectively termed Borg 
and Horsfall, 1953. the determination 
tructure and composition the chorion 
not clanty factor respon ible for the observed 


phenomena, such findings are desirable adjunct 
further stud: 

chorion layer | everal pec ot floodwater 
determining their further method 

Is tor yport of ft rh ere provided 
rant from the Public ervice. Accepted 
for tion 19, 1957 

ent forthe PhD. degree ‘ the Universit 
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ND 


Insectorun 185: 1-182 

Taxonom etuba, Paulo, Brazil 

1942 Manual of Mytoloy Part XII 


pp 


HARWOOD 
Washington 


floodwater mo with the eggs of mo toe 


that are not generally durable 
Lno pheles and Culex) Pull formed biological 
their development. ovanan devel 
opment of of floodwater mo 
recounted here because this not been ade 
shell, and some the 
complet cpy be discussed ib equent! 


Pertinent aspects the previous findings 
and specifically mosquitoes, are also 
related her 

REVIEW OF LITERATURI 


Determination the layers egy covering 


has been undertaken ith larger 
that can sectioned The chorion 
usually divided into two subdivisions called 
the exochorion and endochonon (Wigglesworth 
bet VCCT) pec il trata bey 
recorded Beament (1946) Rhodnius 
has been best deseribed the time development 
when the chorion becomes patterned Develop 
ment the coverings has been studied 
b Nath (1924 ind (*hristopher (1945 ; 
Nicholson (1921) has described the development 
(1933) examined the development of the oo te 
nucleus Aedes but other structure 
the egg were not deseribed 
(1956) mentioned the fact that 
deseribed the str ind 
wieuw eat tave of deve 1) 


quacetuba, Paulo, Brazil, pp. 53-110 
ee 
rmoernt 


dob 

the 
Hood ler OSC have been lin ted 
pecificity this surface pattern has been used 
seven species Similar specificit 

used Horsfall and Craig (1956) deter 
mine the Aedes common 

The best de erIptlo of the exochorion of i 
! ISQUILO ] that of Buc (1034S for ledes 


but rare covers more than part the 


called winter eggs some Anopheles 
(Hurlbut, 1938, Anopheles The 
exochorion Culex has been 
(1945) a bemy composed ol two 


membrane vith projection based on the innet 
and passing through the outer 
layer 1s claimed b the tuthor to be 
present the exochorion 

Little has been determined about the chemical 


workers described 
being (Atkin and Bacot, 1917, 
maculipennis) recognized that although super 


nature the chorion 


potassium everal inve 

itors and Freeborn, 1920 phele 
pp.; Nicholson, 1921, var. Anopheles 


ledes aegy pli 
mentioned the transition from soft 
vhite envelope the time oviposition, 


dark and one within hour Gander 


can take place Aedes under 
paralftin oil and hie CONN equent) beheved a 
proce was 


out that the cap 


topher 


becom complete] eparated but 
the dorsal aspect, corresponding 
position the hatehing spine the embryo 
Jone and Arnold (1952) mentioned that in Aedes 


nigromaculis abnormal larval hatching 


lo 


mia take place, with the break in the chorior 

known Chornion of freshly laid eggs 1 aid to 
ln permeable to water at th time of OVIPO Wir 


osmosis accounting tor the mecrease of ize noted 


during the period prior darkening (Davis, 


pheles pp 105] pheles pp ind 
Gander, 1951 Powers and 
onl and the ovicidal effect of oils to be due to 
prevention respiration Buxt 


(1932) felt that resistance of eggs to desiccauior 


ll epg hriveled the could not be made to hatch 
It Va hown b Gander (1951) that Cyy ol 
ledes aegypli became resistant desiccation 
about fifteen hours following oviposition. 

possible that the impermeability 


Hayes (1950) achieving significant 
embryos Aedes treated with DDT Such 
resistance the effect insecticides was also 
noted Downs (1951) Anopheles egg 
impermeability chorion has been the 
deterrent good description the embryolog 
mosquitoes, although claimed that thi 
difficulty has been overcome (Beckel, 
Factors contributing rate and uniformity 
hatching have been noted but not clearly under 
tood. Roubaud (1929) ascribed the 
observed in the rate of hatching eye ol ledes 
the presence two types egy 
Those that hatched readil were termed ‘active’ 
and those that hatched after long 
Hovanitz (1946) asserted that variations 
indicated quality imposed through the 
aegypli wer noted the laborator 
hatch more readily when moistened for 
hours before submergence water (Shannon and 


EXPLANATION FIGURES PLATE 


hig. | ection of ovar of Psorophora ciliata 
tim of feeding o1 blood x epit elium. of 
ovariole LO, lateral oviduct N, nucle ol urse cell 
(), nucleus oocyte; PS, peritoneal sheat trache 

2 ection ot ¢ mber of lia 
N, nucleus of nurse cell; O, nucleus of oocyte 

Pig. 3 ection of tellarium of Pserophora ciliata 
hours after feeding blood epitheliun 
olo riol N, nucleus of nurse e] () le te 
ol yranule Cell mer € le 
ppeared and cytoplasm appears continuous with deve 
Borders nucleus oocyte ver rre lar 
prior dispersio 

thelium ovariole; ucleus nurse cell; olk 
Ni eus of oo6 e completel red Not chor 

Psorophora ciliata, 5S hours following feeding on blood 
lk Note ilyse e ot chonmo ‘ 

ria. 6 ectio { terior 1 of tellarium of 
ciliata, hours feed lood 211 

rion; E, epithe cells around develoy reyys: Ni 
\ pik 

rophor ciliata, pr rtoskSl ( ray {; j 

thel spine; Great exp 


: vas due to actual ability to retain w iter, becaust au 
a 
(1951) stated that this change in color and texture ae 


on 


Be 


METHOD 


cloping egg 
Observa 
velopment were begun 
t ol 
the 
vals following 
WO spec ledes aegypli 
Culex pipiens fatigans (Wied.), 
laborator for upplemen 
vhich had fod Or) blood 
noderate room temperature 


prepared 
procedure The ovaries were 


in Boum ative for 6 to immediate] 


after when chorion had 


become and impermeable, fixation 
hour Washing fixatives and dehydration 
tandard manner was found favor 
yood infiltration the 56° used 
for embedding 

Thin sections desirable for 
techmique aided such preparation The micro 
Rapid allowed continuou 
with gelatin and formalin and subsequent 
hydration, dehydration, and mounting 
balsam, were performed the standard 
Most the sections were stained with haemalum 
counterstamed with Some specimen 
ere mounted unstamed for examination with 
the 

for which ciltata 

all pect CXi ned ledes aegvpli 

(Walker), vexans (Meig.), 
and were also studied 


Culex not tolerate drying, their 


water 


abr 


compared Despite the 


and 


differences 


difference 


the aid qua 


OVARIAN DEVELOPMENT 


The the 

This advanced terminal 
re 1 related to the \ pn rit 
the time the 


the most advanced eggs have 


evel til 


development just prior the formation yolk 
This the state deve usuall 
female mosquitoes the act biting 

Epithe lial cells connected with the deve lopm 1 

the time the adult feed 

the elaboration non structures 

Where new structures appear 


1] 
1] 


line the ovar 


associated with deve loping 1t1 
that such cell pla a mayor role in the 
the new 
At the start of deve lopm«e nt, cac h egy ¢ hamber 
vitellarium contains oocyte and seven nurse 
this time the two types cell 
distinguished because the 
are larger and stain more readily than 
the nucleus the The condition 
cells and oocyte being contained vitellarium 
common among Diptera, and referred 
meroistic and 
With the 
the oocyte 


EXPLANATION FIGURE 
ection of anterior e1 
yy from ovary of P? ciliata, Sl 


epithelial cell MP, 


f upper portion 


section of anteri 
horrida, 73 


YOUR 
ot 


yy o 


mergence was emphatically stated Borg and 
Horsfall (1953), who showed that the stimulus for 
MATERIALS 
Lions on 
a 
(Linn.) 
reared ] 
q 
held und 
4 
tional 4 
fixed 
SIN PLATE 
of full developed 
lar plug PR pellicul 
4 Chorion thicker than normal is due to fixation t a 
ilceoholi Bouin’ Note break ! chorion round 
if micropylar plug caused by brittle nature during sectior | 
rig. 9 or portion of fu deve oped oe 
$20. E, ovarian epithelium; MP, micropylar plug : 
pal ileoholic Bout Vote 
end ol full eloped 
| cyy ot Aedes vexan 109 hour fter feeding or 
blood x chorior epit elium: MP. mtere 
f eyy from ovary of A. stimulans, 121 hour fter feeding or ig 
NE, combination extruded nurse cells and 
1 from ovat ol Cule pipiens fatigan 70 hours followings 
Im ovarian opment main feeding on blood ( axachorion 
ipply size and minor structural detail MA, micropylar apparatus; MP, micropylar 
tration of le velopmental were made witl 


Robert Harwood and Wil Horsfa 


hours following blood meal, traces the 
cus are visible with the stains used. 
that the disposition the nucleus the 
vestigators who have examined the oocytes 
othe pecies Prominent among 
uch are those Bauer (1933) who 
maculipennis (Meig.); and Nicholson 
(1921) who reported Anopheles 
maculipennis and Culiseta (Schrank) 
all these the nucleus branches through- 
out the and finally becomes 
persed that een the olk 
addition obscuring the nucleu 
the the rapid addition yolk granule: 
the changes the hape the 
The spherical vitellarium 

The seven nurse cells initially 
each are extruded through the anterior 
end the still the confines the 
stain readily and contain 

extrusion the nurse cells serve landmark 

for the antenor end the After extrusion, 
the nurse cells become greatly reduced 
are not readily distinguished from 
those the among which 

Chorion, which lacking during stage: 
development, secreted the epithelium 
hours (fig. present over the entire 
the egy with the exception the region 
the nurse cells (figs. the most part 
chorion seems homogeneous, granular 
formation. This granularity, like the 

observed, probably result faulty fixation 
chorion imereases thickness appears ver 
triated (figs. and the color dark 
echwoning become brittle and impermeable 


that a more penetrating fixative suc h as aleoholu 
required Usually this fixative distort: 
the chorion by cau my it to well Cells of the 
leave their outlines the 
chorion vith a raised border between adjacent 


The exochorion is the outermost envelop of 


the cpp It is secreted by the epithelium following 
ba al membrane and an outer one eparated b 
mall The membranes and 


boss are secreted at the urface of the epitheha 
and are not readily seen correct relationship 


1952) formed within each epithelial cell 
near the nucleus (fig. The spines are 


the tip when viewed from the side (fig. 
urface view these tips are flattened and bluntly 
rounded. special modification 
imilar appearance that the 
pines present the form raised ring 
around the region the micropyle Thi 

The epithe lial cells, which are active the 
ecretion the chorion and exochorion, degen- 
erate the time the egg fully developed 
This single layer cells which the 
nuclear appearance. The nucleus each cell 
well defined and contains centrally located 
endosome until the time degeneration. 
accordingly the adjustment the growing egg 
accomplished the enlargement individual 
cells rather than increase 
Upon completion the egg, the 
present only over the anterior the 
truded nurse cells combine specialized region 
similar to the “rosette cells’? described — by 
Nicholson (1921) Anopheles maculipennis. 
ciliata this group cells lacks the 
numbers and design characteristics rosette 
cells the final stage development, cells 
the rosette-like have degenerate and 
ill defined borders (fig. 
pecialized group cells forms 
detailed description. 

The micropylar plug mass material 
substance similar appearance but 
usually trifle darker and 
granular rather than striated. 
micropylar opening that this opening 
delimit. This mass the that 
Nicholson (1921) found Anopheles 
and the that Christophers (1945) 
its location and probable function, the term 
micropylar plug preferred the above terms 

The micropylar plug necessarily 
from its structure fully developed eggs within 
the eggs which have been laid 
most readily visible the detached apical end 
cap hatched eggs large species 
phora These hells, when prepared 
vater mounts, show the lar plug 
granular region the anterior species 
Psorophora the MUCcrop\ lar plug project above 
the general surface the chorion the 
The minute aspects the 
plug were not examined with the aid the 
electron microscope because, although numerou 
attempts were made, ultrathin sections thi 
object were obtained 


Minor differences are apparent the micro 


y 
= 
Ba 


mosquitoes. Psorophora ciliata the 
micropylar plug slightly 
outer surface the chorion which 
bedded The plug clearly distinct the 
chorion although they are about the 
width. Structurally the plug appears 
and lacking orientation. The micropylar plug 
horrida (fig. similarly embedded, but 


it is thicker than the chorion Weakly visible 


lines run from the outer 


vexans (fig. 10) the micropylar plug has cor 
siderable surface area and flush the 
chorion. Its texture The 


plug Aedes stimulans (fig. 11) appears minute 
and nearly surrounded the 
striations are visible within 
those of floodwater mosquitoes, the microp lar 
plug Culex pipiens fatigans (fig. 12) has large 
exposed surface area, much wider 
surrounding chorion, and not readily 
being distinct from the chorion its color 
its borders 


SUMMARY 


The developing urrounding 
floodwater mosquitoes were 
conventional procedures microtomy, and micro 
methods the following points were determined 

secretion envelopes are essentially the same 
has been deseribed Anopheles and 

termed here the micropylar plug, differs from that 
found Anopheles and Culex The form and 
position of this plug in the CPs of floodwater 
mosquitoes suggest that plays role prevent 
ing loss water from the egg 

3 At the time. of oviposition the cyy 
covered outer region, the exochorion, and 
demonstrated 
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THE COMPARATIVE INTERNAL LARVAL ANATOMY SEVERAL 
GENERA SCARABAEIDAE (COLEOPTERA) 
UTHARM AREEKUL? 
While considerable work has been done the Entomology, Oregon State College, 
yet, far, little tudies, and for his assistance the preparation 
published the larval anatomy this paper; Dr. Paul Ritcher, Head, 
Coleoptera. Recently, have demon Department Entomology for his 
trated the value the internal larval anatomy ment and generosity providing the bulk 
taxonomic tool and indicator phylo- material for this work; Dr. Ernst 
relationship The work that has Head, Department Zoology and 
done on the con parative internal larval anatom Frank H Smith, Professor of Botan for their 
tressed the importance the work 
study the phylogeny The writer also indebted Mr. Floyd 
also recognized the danger Ellertson, research assistant the Mid-Columbia 
taking adaptive structures for Experiment Station, who identified 
Maxwell (1955) Pleocoma which were used thi 
using the internal anatomy problem 
Moreover. the internal anatom can be used in MATERIALS AND METHODS 
well family and subfamil were were carried out 
the present phylogenetic studies dissecting microscope with magnifications 
carabacidae, the internal anatomy the Injection with trypan blue saline 
four genera representing three olution was useful demonstrating the outline 
compared The family Searabaeidae was chosen ot lige tive tracts and gastric caeca For gro 
considered writers the dissections, specimens were dissected and pinned 
most primitive family the superfamily Seara- out under Within few 
making these studies the phylo- such delicate structures the ventriculus and 
tested comparing the digestive dissection. For studying the movement 
Linsley the subfamily Lichnanthe observed for least half 
the Nervous systems were studied dropping four 
lateralis Fall the subfamily pecimens distinguish the brain, ganglia, 
The internal anatomy different larval and nerves from other parts number 
cach also Seven were dissected for cach category studied 
the genus Pleocoma are the order the degree variation 
other which have only three instars, the Both transverse and longitudinal serial 
econd and third instars are were made for the digestive tracts 
everal comparisons were made genera studied order 
which changes were within the and differences between genera, such 
ind which changes were associated with muscles, epitheha 
Standard taining tecl 
niques were followed fixing the material 
fluid, imbedding paraffin, sectioning 
writer wishes express his sincere mounting, and staining with Harris’s 
ition to Dr Chark Martin Associate and eosin 
Master March Digestive Tract Changes for Instars Pleocoma 
College Washington, The changes occurring the alimentary canal 
Mr. Floyd Ellertso nd Dr. P.O. Riteher ot Pleocoma larvae were observed for everal 


Commurnicatior Flovd Ellertson and Dr P. ©. Ritcher, head 
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Areekul Comparative Larval Anatom vy of Scarabaeidae 


third instars the 
CAPSULE MEASUREMENTS PLEOCOMA ind Polyphylla showed 
OBSERVED AND THE APPROXIMATE 


Description and Comparison 
Canals of Scarabaei 


of both adult) and 
known to be correl: 
Beeton (1930, p sro t 
adult Phanaeus 
feed dung and 
length, averaging a 
the length of the bed 
studying the digesti 
(Popillia japonica 
initial observation i li which teed on fresh. lea 
vhen they were day (1947, 145) found 


changes the gut-length and the case rhinoceros 
10 -da old larvae ! 1c nst 1) third | val instar (Gre itt 
longer the length, rang 

gastric caecci W length of the bod 
first i ars on the ventral side a WITTE carabiac nsect 
located just posterior the first appea adult vindex (Becton 

mall around the gut 135), Popillia japonica (Swingle, 1950 
of the ume ull ‘ Phyllo phaga gracilt 
plota 
iderside the crop while arvae which were 
mall blind pouches Lichnanthe, 
tars, both gastric caeca 
the 


capsule measurements give rough approxima cells reduced and become 
ion what instar was being observed ited late condition 
co presents the head-capsule data indicate that the late instar larvae do not feed 
Phe atimentat Cal ol the econd ind the 
era Lichnanthe, 
j 
ntar) 
a de 
the alimentar cana 
carabaeid 
wal the lig tive tract 
lacl (4 Op which 
wt of idult 
Newm 
y il tric bod Ray }) 
= a rval tive tract of 
length the bod 
nearly the same length while the mid-gut not highly specialized, and mayor 
one-half long (fig. seem probably more than transferring food 
occur the posterior end the fore-gut mouth the All the larvae whi 
interior end the hind-gut The malpighian tudied had tube-like 
the valve adult stage has hows difference tre that 
The outer layer very conspicuous and 
deve LOp nt ol gastric caeca are probab adap layer of |e numerou ongitudy miu 
tations for the feeding of the larvae ot The epithe } inn Indistinet base ert 
the alimentary canal showed other membrane and usu follow the longitudina 
except the number the epithelial folds the membrane which hes the 
tremendously increased. Active secretion seem urface the 
great the mid-gut and even greater 23, 24, layer 
gastric cacca during the feeding stage The which with the 


the body wall, and known the intima. Thi Then they decrease size where the projection 
intima forms rather thin, non-cellular, the fore-gut becomes folded back upon 
transparent layer which the entire fore-gut passing forward unites with the mid-gut wall 
ind more less thrown into longitudinal fold The intima which continuous around the valve 
corresponding the tops the point where the fore- and mid-gut 
Pharynx. The initial region the special structure uch proven 
posterior the mouth, tricular teeth, pads spines have been found 
the tract the head. The external The mid-gut elongate 
muscles and intima are thicker than other part: which marked anteriorly the cardiac valve, 
the (fig. The intima may posteriorly the pyloric valve. This part 
covered with chitinous spines Pleocoma usually very long and rather large division 
the spines may the digestive tract. Becton (1930, 316 
absent the cases Lichnanthe and found 6.7 times long the body adult 
These spines are also the comprises more than one-half 
tage Phanaeus (Becton, 316), Phyl- the total length adult Phyllophaga (Fletcher, 
lophaga (Fletcher, 1930, p Di plotaxis 1930, p 110) and Di plotaxis (Jones, 1940, p Y)) 
96), Popillia (Swingle, 1950, larvae the length varies follows: Pleocoma 
when present, usually comprises about Lichnanthe Poly 
inwardly and caudally (fig. The phylla about and Dichelonyx 
cells are cuboidal shape and line the numerou total length. fairly straight tube, tapering 
folds the walls the pharynx. Such fold lightly from the anterior the posterior end and 
appear where the lumen constricts the from about the first thoracic segment 
end the pharynx, begin The longitudinal the eighth abdominal segment 
muscles are well developed the Special structures may found the mid-gut 
The oesophagus marked the mid-gut adult Phanaeus (Becton, 
the constriction the tube between the 1930, 316) and Passalus (Lewis, 1926, 
and dilated tube the crop. division structures are not found the larvae which 
this part can drawn, this portion the studied here 
circular and the Histologically, the ventriculus all 
thinner than the pharynx region. The vae has similar structure: consists 
tudinal folds are well developed especially outer longitudinal muscles 
narrow. These folds Lining the inner surface circular muscles 
cuboidal cell and the intima well developed epithelial cells (fig. 29, 45, 
are not found this region 45, 50) These cells are irregular, more 
the posterior portion the oesophagus, but can seen the distal end the epi 
different from that many insects that thelial cells, under the 
not large and also present ome sections, however, this border 
the larva Oryctes rhinoceros (Gressitt, especially the gut Lichnanthe 
reservoir crops the and distinct nuclei 
consists very thin muscles and Groups small replacement cells with three 
the intima. These form the thinnest part the four very each group, 
24). The internal longitudinal 
cles are veloped Some strand 
muscles extending from the EXPLANATION PLATE 
insert the distal end the external circular alime canal Pleocoma 
Phe epithelial cells are of a low cuboidal hape Ihe limentar canal of the late instar with reduced 
Spines and other special structures are not The alimentar nal the lat 
on the Lar Vithout pastric cue Pia 5 lwo et ot 
is formed by the slight extension of folds of the ets of gastric caeca of the late instar Fic. 9 Vir 
fore-gut into the lumen the pyloric valve. stomodeal valve 
valve 1 COMpo ed of the epithehal cells and the CL colon; CR, crop GAS tric 
the (figs. 44, 45, tubule; MT, mouth; OE, oesoy gus; PHY, pharynx 
cells become longe r and lor ger in as the P\ pylori lve: REG rectun \ tomodeal] lve 
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consists small lobes located around 
small blind urrounding the 
part the mid-gut the set 
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the hase « the enithe Fletcher 1930 p 
stated that secretion the mid-gut adult 
type, where the entire contents 
out the men the intestine 
97) also found this condition 
hich were studied The formation 
Ol me hed b the di sion oO; 
cells within round, cellular aggregations midi 
most which have dropped below the epitheliun 
nearly equal size, and not form the usual 
mnony the ce of the epithelial layer in the mid 


rvac, but, the other hand, the formation 
Polyphylla 
thin, peritrophic mem 
may found surrounding the food within 
the Waterhouse and Day (1955, 


tated that two types peritrophic membrane 
single, continuous structure and 


membrane the first type found 
the end (fig. The 
membranes Pleocoma and Dichelonyx are ver 
thin and evidentl of the 
they are formed the cells throughout 
brane not found the Lichnanthe 


a Cl thicl 


formed 


econd pr because 


il if 
The diverticula the mid-gut 
number and length and they may 
everal ol carabaeid larvae, found 
that the caeca number and 


hape with the species which observed, Accord 
ing Rapp, larvae Canthon 
ublamuil Melo 
Phyllophaga, wer 


ot the 


entmeulu genera the 
Dichelonyx and 


COnLAlL 


ont 


CAaACCH (lig | ) The 


porto! 


Two se 


1 


Pleocoma (Pl 


and two sets have been 
larvae Pelidnota (Rutelinae) 
Ligyrodes (Dynastinae) (Rapp, 
coma larvae, both sets are locat 
end the mid-gut (fig. 
and branches into five 

small blind pouches the 
just posterior the first set 
first and second sets are 
fourth the distance from the 


yostenor end of the 


set consists eight small 


( 


i¢ ayy 


1 


SIZ 


tric 


differen 


t 


end 


a were 


and Lichnanthe (Glaph 


reportece 


second set 
ventriculu 
Lichnanthe the 


mid-gut respectivel 


encircling the gut 


respee tive] 


al 


SILION 


vv 


1 


On the 


found 
The 


| 


number least four set: 


when present, 


al 


1} 


The 


tructure 


from 


number 


tremendou 


membrane extendec 


{ 


thy 


It 


astru 
the ¢ pithe hal cell 


the 


cif 


Cal 


11 


i 
1 


orl 


IS a rathe r 


other part 


at t 


itr 


| 


membrane 


1] 


located 


t the gasti 
the 
hehial cel) 
(fig. 
ver, there 
the gastr 


hind-gu 


carab if id larvae 


portior 


ulu ‘ cept that 


Mmcrea 


to 


thie 


hours 


1 for 


the 


In Pleo 


anterior 


t1 
nny 
Con 


Out one 


end 
(fig 


he 


and Dynastes and 


Ac ( ord 


ol 


the 


Mat 


The peritrophi 


ventric 


was evidence 


Cacca 


ecreting 


marked 
the anu 
with the 


and posteriorly 


long tube when compared 


the 


ul 


In Pleocoma 


j 
Three and four 
by Rapp (1947, 
e are located in 


Lichnanthe, 


Polyphylla, and Dichelonyx, the hind-gut about 
ind light! iT than ol 
the total length, Usually 
located in the last three abdominal eyment 
Generally the hind-gut differentiated 
colon and rectum 

The hind-gut scarabaeid tudied 
how similarit the arrangement 
lave The external circular muscle urround 

EXPLANATION OF PLATE II 

hig, Lichnanthe lar limentar 
Dichelonyx larva, alimentary canal Pia. 14 Lachnar 
lar tomode lve 15 Lachnanthe 

ri ilve Pr 16 Dichelor lar tomode 


COVE the 
and 
pryiia larva, pylori lve IG. 2 oly ph 1 rva ES 
anterior Pia 21 Lichnanthe the limentar canal nd 
ut ir nerve cord liayrammati Fic. 22 Pleocoma 
the alimentary canal and nerve cord, 
terior colo BR, PCL, posterior 
are twe entral erve cord Other reviatior 


hy la 
poaeldae 
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throughout the hypodermal distance from the anterior end the ileum 
cells, which laver the innerside (fig. The location the malpighian 

ongitudinal are usually cuboidal the different stages 
ment membrane well developed. The nor tubules are also found Phanaeus (Becton, 1930, 
intima from the point Diplotaxis (Jones, 1940, 95), Popillia 
between the mid- Swingle, 1950, 190), and Oryctes (Gressitt, 
homologous with the cuticula the body wall 27) 

the anu Each malpighian tubule single, unbranched 
ongitudinal musele tissue are scattered and the same diameter throughout. The 


the outside the external circular muscle layer 


These muscle strands quite prominent the 
rectun 

the portion the hind-gut 
the short and fairly narrow 


tapers the posterior end. 


marked antenorly the innerside 


high epithelial cells the hind 
yut (lip 14,47, 48, 51) These cells rise abrupt! 
form ring greatly elongated cells which 
extends into the lumen the 
margin the covered with thick intima 
Numerous thick folds the ental surface the 
gut can observed this (fig. 


the outside the are well developed and 


are thicker toward the po tenor end The lor 1 
tudinal the other hand are not well 
developed are present isolated strand 


and the Dichelonyx and Pleocoma these 
museles are found between the folds 
epithehal layer the pyloric valve (figs. 46, 
The wall formed b h podermal eells of the 
along with the thick intima 
thrown the longitudinal folds throughout 
the lumen These folds cause the lumen to be 
narrower the postenor end 

Malpighian The malpighian 
typically arise from the end the hind- 


the case of carabaeid larvae this doc not hold 
true all the Phanaeus 
and two valve The 
found this also true tor Polyphylla Two 
of the tubule are located eparatel on the 


dorsolateral side posterior the 
valve, while the other two are located closel 
and the ame the 

our tubules are found rising sep 


the gut, just antenor the 
valve contrast, with Dichelonyx, Lichnanthe 
larvae the four malpighian tubules are attached 


Pleocoma 


wist po terior to the valve 
the other hand, have tour 


malpighian tubules the larvae studied here are 
the type Roeder (1953, 391) 
being found principally among the Coleoptera and 
Lepidoptera. The tubes extend anteriorly and 
turn back The distal ends the 
tubes are attached to the rectum Ac tually, thes 
the surface the rectum and are held 
place enveloping membrane. all the 
larvae studied, the tip all tubules was attached 
the same point the rectum 

The malpighian tubules consist layer 
circular muscles (figs. 38, cells con 
tain quite large and nuclei. The number 
cells cross section vary within the tube and 
different insects. Lichnanthe, 
triated border can seen the distal end the 


epithelial some sections this 
triated border indistinct. The intima layer 


EXPLANATION PLATE III 


larva, cro ection pharynx 

ic. 24 Pleocoma larva, cro ection of crop Fic. 25 
Dichelonyx larva, cro ection through region of sto 
modeal valve larva, cro ection 
through re pion ol tomodeal valve Fic. 27, Polyphylla 
larva, cro ection through region of tomodeal valve 
Lichnanthe larva, cro ection through region 
ot tomodeal ilve Fic. 29 Polyph lla larva, cro 

larva. cro ection ot a portior ol yastric caeca Pia 

lye Fic. 32 Lichnanthe larva, cro ection of ileum 
hig. 33 Pleocoma larva, cro ection of ileum Pip 
Pleocoma larva, cro ection anterior 
Pia. 35 Lichnanthe larva, cro ection of a portion of 
color larva, cro ectior 
ol t portion ol interior colon Fic. 37 Polyphylla 
lar i ro ection of a portior ol po terior color 
tubule ria. 39 Pleocome larva, cro ection of mal 
pighian tubule ria. 40 Pleocoma larva, cro ectior 
posterior colon. larva, cro 

ection of a portion of rectum Fic. 42 Pleocoma lar 
lor yitudinal ection of lar il pl irynx 
BM, basement membrane; CM, circular muscle 
epithelial cells; IN, intima; and mid 
ut LM, longitudinal muscle LUM, lumen; NU 

malpighian tubule orifice; PHY, pharynx 
PM perttrophic membrane RG reyenerative cell 
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Colo The colon searabaeid larvae 
titute thie ost out tand part the 111 
and colon, which are folded 
der the The colon may differ 
structure different genera. Generally the 


lon ya 


This found Polyphylla (fig. 12), Diche 


the epithe hal cell are Ol a broad cuboidal nape, 


ind very distinct basement mem 
brane outer circular muscle 

thin but well cde veloped The lor gitudis i] 
muscles are not well developed and 
occasional strand found. Some trands 
ongitudinal extend across the upper 


urface the gut from the 
color These muscles probably aid the con 


traction the color The intima very thin 


The colon Lichnanthe \arva dit 
tructure from the above 


ferent and 
forms rather long tube with irregular tran 
erse folds appearing inside (fig. The fold 


are caused the layer cells pulling 
lumen. 
longitudinal muscles and 


from 


tructure 
uch circular muscle 
not exhibit any difference 
Pleocoma ] near] 
differs from other 
that the external circular muscles 
ery thick, with six distinet strands longitudinal 


shape (fig 


forming layer with basement 
membrane This layer forms fold 

The posterior colon of Dichelonyx and Poly 
antenor colon that the 


very thick this region. Numerous 


found the layer and the intima 
very thick and the case Lichnanthe 
and Pleocoma, the colon very narrow 
tulx Thu the invagination of the epithehal 
layer and the thick causes the lumen 
very narrow The muscles are much 
thicker than those of the anterior part The 
Lichnanthe but Pleocoma 
are found between the the 
epithelial layer The basement 


very distinet 

resulting trom the dilation the end 


j 


of the alimentary canal (hy 


musel “ure wel le veloped, but are 
part 41) The epithelial 


cuboidal cells with 


folded 
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abdominal becomes fused with the third 


second thoracic gangha and moves anteriorly 

the first thoracic segment. chain 
the remaining five abdominal ganglia begins 
the mesothorax and ends the first abdominal 
Since the last abdominal ganglion 
the adults contains five pairs lateral nerve 


rather than the three found larvae, this gang- 
probably formed the fusion the last 
three abdominal ganglia larval stages (fig. 54) 
changes the nervous system were found 
the second and third instars Lichnanthe, 
Polyphylla and Dichelonyx 


Comparisons Nervous System Several 
Genera. The most important differences 


nervou tem are exhibited in the ventral cord 
man pecies Coleoptera. Brandt 
(IS79), alter tudying many of beetle 


both adults and larvae, concluded that the most 
type nervous system, addition 
the supra- and infra-ocsophageal centers, con- 
ists three thoracic gangha and eight abdominal 
reduction the number abdominal 
accompanied similar specialization the 
Such reduction may traced 
through a number of genera ol Col optera Thus, 


center 


there are two, three, four, five, six, and seven 
gangha Coccinella, Cassida, Donacia, 


ticularl in the famal waurabacidac, the second 


and third gangha are closely 
Melolontha, Phyllopertha, Cetonia 


The center thus formed also includes the fused 


gangha the abdominal chain. 
are recognized the most specialized 
these genera all the and the 
abdominal unite form single complex 
nervous center the thorax. 
the sub-o¢ ophageal ganglion al coalesce 

Larvae the various subfamilies Scara 
baeidae which the writer has observed also show 
various types nervous system. Pleocoma 


represents the most primitive type, Polyphylla 
the type, while Dichelonyx and Lichnanthe 
represent mtermediate type 

Brain The brain of scarabaeid larvae is com 
posed pair large simple lobes located the 
cephaly region The compact pear haped white 
masses the brain show division 


The location divisions can determined 
four genera studied the nervus opticus, nervu 
nervus lateralis, frontal con 


nective and labral nerve are present 


Nervous System stomodeal 


tor ock al 


nervou tem consists frontal 


yanplia ure well veloped Pleocoma and 
The hypocerebral ganglion 


Vol. 


degenerated the nervous system Polyphylla 
and all the ganglia, except the frontal ganglia, are 
undeveloped Lichnanthe 

Sub-oesophageal 
ageal ganglion large and located the 


arva (figs. 53, 57, 


*E 
region. joined with the brain 
circumesophage connectives The periph 
eral nerves this ganglion the 


mandibles, the hypopharynx, the maxillae, and 
the labium. shape the ganglion usually 
flat and nearly the more specialized 
forms, stated above, this ganglion fused with 
the thoracic ganglion. Thus, Polyphylla 
example this type (fig. 56) the other three 
genera, this ganglion remains separate and 
joined with other ganglia pair connectives 

Thoracic the most generalized 
form, the thoracic ganglia are three number 
and are joined together with other ganglia 
pair connectives. They are usually nearly 
spherical shape and are little larger than the 
abdominal ganglia. The shortening the con- 
nective nerves causes the ganglia move an- 
teriorly which can traced the genera which 
were studied. Pleocoma larvae the 
ganglia have rather long connectives and are 
located thoracic segments respectively 
(fig. 53). Lichnanthe and Dichelonyx 
the thoracic have rather short 
tives and are found thoracic segment and 
(figs. 57, Polyphylla the other hand, 
the connective are absent Here the 
ganglia are fused with 
ganglion. The resulting ganglion 
tween the cephalic region and the 
egment (fig. 56) 

Abdominal the more primitive 
there are eight abdominal ganglia which 
are equal size except the last one which 
these have rather long connectives and 
form the long chain the ventral nerve cord 
the more generalized Pleocoma 
larva, eight abdominal ganglia are joined together 
long pair connectives and are located 


the region between the third thoracic segment and 


EXPLANATION PLATE 


Fic. 52 Pleocoma, fourth lar | tage Fic. 53 Pleo 
coma, late imstart hic. 54 Pleocoma, adult tape 
hic. 55 Polyph lla, larval st ip Fic. 56 Pol ph lla 
larval showing the brain, the ventral and sto 
tage Fic. 58. Geotrupe hlackburmi, larval tape 


abdominal seyment; ATN, nervus antennalis; 
brain; FG, frontal ganglion; head; HG, hypocerebral 
inglior LN, nervus lateralis; OG, o¢ ophage il ganglion 
ON, nervus opticu > 
mt) ub-O¢ op! igeal gang lior ‘I thoracn egmenit 
prothoracic ganglion; II, mesothoracic ganglion; 


metathoracic gangl 


SC, sub-oesophageal commissure 
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the fifth abdominal segment (fig. 
other hand the eight abdominal ganglia Ol 
Lichnanthe Dichelonyx are 
ery short pair connective Lichnanthe 
the first three are located 
contains four gangha and 
the first abdominal segment (fig 
Dichelonyx the first two ganghia 
the second, and the next three are 
the third thoracic The 
remain the first abdominal segment 
al ph lla how i CT pecialized form All 
the ganglia are fused into a hort narrow ma 
The shght constrictions this ganglion 
nid the pt riphi ral nerve how that probably 1X 
lia of the abdominal gang lors chain have 
probably results from the fusion three 
during the early development 
Peripheral Nerve studying the peripheral 


the ventral nerve cord several 


found that each thoracic yanglion contain 
two lateral nerves and 
yangyion except the last one, has on pair Three 
pairs peripheral nerves are present the last 
These nerves usually 
from the lateral side the gangha except 


mnervated peripheral nerves the 
respective abdominal Onl 
the last abdominal ganglion found suppl 
the last three abdominal eyments (lg. 
should noted here the peripheral 
nerves supply the same segments which the 
were originally although there has been 
shortenmy the nerve cord, condensation 
ol and a lo connec as found in 
Vervous System Scarabaeid Larvae 


were made the nervou tem 


rather shape and the 
very distinetly located the 
The ventral nerve gangha 
toyether a long pal connectives A 
ganghon located each the three 
The abdominal gangha 
are found the third and 
ending the second adbominal The 


enth and abdominal gangha are 
fused together (lig os) In the yonu Trox ot 
writer has found 
nerve cord resemble that o 


the 

that the central 
the central nerve cord 
and Polyphylla larva 


Other genera which were observed thi 
type are (Dynastinae) and Osmoderma 

Oryctes rhinoceros according 
Gressitt (1953 the most 
pecialized system the 
The larva has only pro- and 
ion. The mesothoracic ganglion partiall 
fused with the common metathoracic 


ganglion, that this fused ganglion appears 
have pairs peripheral nerves the third 
larval instar the adult tage all 


fuse with the ophage ganglion 


become one large 
Also should mentioned that the genu 
Ceruchus (Lucanidae) the ventral nerve cord 
the same Pleocoma Thi type also 
found Passalus larvae (Passalidae) which 
tudied by Cod and Gray (1938, p DOS) In 
Passalus, the central nerve cord 
much different from the larval cord. meso 
and metathoracic which are fused with 
the abdominal ganglia, are located in the second 
separated the first segment 


DISCUSSION 


Beginning with the most primitive 
the most specialized family last, Leng (1920, 
Lucanidac and Pa alidac 

The family contains many sub 
Beginning with the most generalized 
the important subfamilies have the following 
phylogenetic arrangement according 
Coprinae, Geotrupin Pleocominae, Glaphy 
Dynastinae, and 

These phy logenetu concept have been further 
tested by the writer b stud Ing the digestive 
tract and the nervou stem the larva 
species from each the following 
Pleocominae, Glaphy rinac, Melolonthina 

Recently Maxwell (1955, 
hown that the salivar' gland and the Saieenn 
tubules have 
cance the awfly 


logenetu 


() he Ve 


cance, but not the same 
gut proportions, size and structure the crop, 
differences covering, variations 


the epithehal lining the gut, presence and 
absence spines the gut, number the 
gastric caeca, and the structure the individual 
writer indicate that both adaptive 
genetic features are found the alimentar 
canal the 

Adaptive Features Alimentary 
length the gut scarabaeid insects varies from 


3 
‘ 4 


the length the gut being related 
adaptation for feeding. Dung feeding insect: 
uch as Canthon, usually have a relatively longet 
digestive tract than fresh-tissue feeding insect 

Also there some-evidence that the length 
the canal, although differences are 
might correlated with the development 
The longer the alimentary cana 
the more the gastric caeca are 
degenerated. This reaches the ultimate Canthon 
dung feeding larvae which have gastric caeca 


and the alimentary canal twice long the 
The dead leat feeding Lichnanthe larvae 
have two sets undeveloped gastric caeca and 
the canal the length 


Dichelonyx and Pleocoma larvae teed live roots 
The former larvae have one set well deve lope 
gastric caeca and gut that 1.5 times the length 
the body, while Pleocoma has two well devel 
loped caeca and the canal times long 
the bod Thus, the fee ding habits scarabaeid 
larvae correlated some degree with 
the development the gut and gastric caeca 
Changes the number gastric caeca and 
changes the length the alimentary canai 
The length the fore 
mid-, and hind-gut and the 
gastric caeca are different between the first and 
the fourth instar and between the eighth and 
ninth instar The are correlated with 
the tremendous increase the cells 
the mid-gut the gastric caeca the 
first instar fourth and from the fourth 
eighth instars. These early instars. 
sidered the writer the active feeding 
tage and this time active secretion digestive 
cells followed the shortening the mid-gut 


and the the gastric which 
about the ninth instar. author 
uggests that the degeneration 
indicate a change 11) feeding habit These 


not occur the other genera studied 
Morphological and Phylogenetic Consideration 


very short fore-gut and rather long mid-gut 
The hind-gut may short long depending 
the speci Also, these differences are present 
presence absence the fore-gut 
changes the shape the stomodeal valve; 
presence absence the peritrophic 
the number, shape, and location the 
caeca; the structure and location the malpighian 
tubules; the changes form and structure the 
and the musculature some parts the 


The intima the pharynx Pleocoma, and 
Dichelonyx has vestiture retrose spines but 
uch spines are absent 


nanthe These spines are also adults 


many genera, such Phanaeus, Phyllophaga 
Diplotaxis, Popillia, The peritrophic men 
brane the mid-gut Polyphylla forms 
Pleocoma and Dichelonyx the peritrophic men 
brane forms series concentric 
membrane absent The shape 
the stomodeal valves depends upon the 
the lobes functioning valve Pleocoma 
there are three large lobes, 
large lobes, Dichelonyx numerous lobe There 
thick ring Lichnanthe (figs. 10, 14, 16, 
genera. the musculature there 
differences the insertion longitudinal 
cle on the proctode il valve ot Pleocoma 
Dichelonyx, while the were 
apparent] have no significances phyvlogeneti ill 
since they may any 


larvae of many subtamuilse carabacidae is the 


ame, the location of the tubules differs from one 
occur any portion the mid- 


They were found the middle and posterior end 


the mid-gut Osmoderma (Rapp, 1947, 145 
and They may 
both and posteriorly the 


valve as 1n Poly phylla or the found onl 


on the posterior portion ol the alve as in Lich 


nanthe and Pleocoma Although the histological 
tructures did not the number cell 
tubule ‘ the wall WTC even to fifteen epithehal 
cells thick, while there 
three six cell 

The colon shows diversity shape and 
tructure the Pleocoma lat 
there “ure two i thre i It) the 
other genera, but both divisions consist ver 
thick which are crossed with 
ery thick intima Lichnanthe 
ong broad tubs or antes nd ira 
ntima the the ver trong 
muscles and the conspicuous 
the color Also Dichelonyx, Pol 
nodyra LOS.) ind mat other yenera 
the anter the nar 
The distinct characters the cole 
like Lichnanthe, are the 
and the ineon picuou ntima, but the epithe 
ray ire. bre d Pa | rr ttereal } 
different from the epithe the 
colon not differ from the other 
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(1947, 147) reported that the 
cueca of scarabaeid larvae differ in number hape 
ind location. also true for all 
which were studied the present writer. 
mall pouches are found 
Lichnanthe 
the mid-gut differs with Only one set 
is found in Dichelonyx, two sets in Pleocoma and 
Lichnanthe and three sets Polyphylla 
While the gastric caeca display adaptations 
regard the type food eaten the individual 


the gastric caeca 


apparently general phylogenetic trend can 
traced. Thus, the most generalized 
form there are gastric caeca, but the degree 
specialization inereases, the number 
cacca mcrease This ma be traced through iu 
number The larvae Canthon 
Pelidnota (Rutelinae), 
and Osmoderma possess one, two, 
three, and four sets gastric caeca, 

When the concept that the number gastri 
indicates phylogenetic trends 
the Polyphylla with three sets gastric caeca 
more than Phyllophaga (Rapp, 1947, 
145) and Dichelonyx (observed the writer) 
which have only two 
present all three are included the 
will discussed later, the 
nervous system the larvae Polyphylla 
also more advanced than the two latter genera 
However, according Dr. Ritcher (per 
characteristics would indicate 

tem. The value the nervous system 
phylogenetic indicator more clear cut than the 
that the differences the 
nervou tem Coleoptera Jarvae are found 
the ventral cord. the 
tem there are three 
thoracie gangha and the abdominal 
Both the units and their component parts are 


type ol a nervou 


become fused that the number individual 
reduced. Also the thoracic ganglia 


mor form, the abdominal ganghia 


are ubject fusion. sub 
The nervous system Pleocoma 


example the most generalized the 


The nervous system Lichnanthe 
but here the connective are horter than 1 


\ 

3 


all the including the sub-oesophageal 


ganglion, are fused into compact mass 

Thus, both the dige stive tract and the nervous 

tem Polyphylla are specialized 
type. Furthermore, the Polyphylla 
nervous system found larvae the higher 
pecialized subfamilies, typified Pelidnota 
(Rutelinae), Xyloryctes (Dynastinae) and Osmo- 
derma 

The number ganglia which fuse into 
compact mass probably can determined 
the number and location peripheral nerves 
each thoracic ganglion contains two 
pairs peripheral nerves; each abdominal gang- 
lion contains one, except the posterior ganglion 


ob ( rved 


contains three Although there has been con- 
densation the and anterior migra- 
tion the entire cord, the peripheral nerves 
still supply the same segments which they 
were originally located Also, they still arise 
from the ganglia and ganlionic mass their same 
relative position. However, studying Cory- 
dalis larvae, Hammar (1908, 120) was unable 
count the number fusing ganglia. 
believed that investigation the embryological 
conditions was the only way settle this problem 

There seem few changes the nervous 

ystem during development larval stages 
scarabaeid insects. There only slight anterior 
movement posterior ganglia shortening 
occur other genera which were studied here 
There is considerable change from the larval to 
the adult nervous system. the 
abdominal ganglia are reduced from eight the 
larvae six the adults. meso- and 
metathoracic ganglia are partially fused with the 
first abdominal ganglion the adult but not 
the larva. Oryctes cornutus (Cody and Gray, 
1938, Pp 513), Oryctes rhinoceros (Gressitt, 1953, 
31) are other example: 

Since the family Passalidae considered 
more lalized than the Scarabaeidae, an 
interesting comparison can made. 
vous system the larva Popilius (Passalus) 
as figured by Cody and Gray (1938S, p 519) 
resembles Pleocoma very closely However, the 
nervous system the adult Popilius (Passalus) 
(Cody and Gray, 1938, 521) very specialized 
and closely resembles Oryctes (Gressitt, 1953, 
the other hand Oryctes, contains 
sper ialized type of nervous system 1n both larvae 
and adults. Thus Passalus does not exhibit its 
specialized form the nervous system 
larval stage but only the adult stage. The 
ralized type nervous system also 
found the larva Ceruchus (Lucanidae) 
observed the writer 
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four genera including several instars Pleocoma 
(Pleocominae), Lichnanthe (Glaphyrinae), Dichel 
scribed and compared The results of thi 
follows 


Wi th 


There are not many changes the 
mentary canal during the development larval 
The only changes are the length 
the mid-gut and the development 

These changes are accomplished 
development and degeneration epithelial cel 
changes occur between the first and the fourth 
instars and between the eighth and the 


the second and the third instar other 


stages 


Cacca 


changes 
Only minor changes the nervous system 
such slight anterior movement 
ganglia and the shortening connectives, 
during the development these larval 


occur 


9 | 


The alimentary canal the larvae all 
the studied not much different both 
form and divisions. These differences 
digestive tract were noted among genera 
were present absent the the 
the stomodeal valves differ; 
brane was present absent, and 
differed; the number, form and location gastri 
malpighian tubules differed; the form 
tures the colon and the musculature some 
particular part the gut, such 
the pyloric valve, differed 

The most important 
nervous system these larvae 
the ventral nerve cord the most generalized 
system there are three separate unit sub 
oesophageal ganglion, three thoracic and 
eight abdominal ganglia. These 
gether long pair connectives Pleocoma 
larvae which are the most gen 
eralized — of the Scarabaeidae tudied Th 
shortening the connectives without the 
these gangha Lichnanthe and Dichelonyx 
considered step toward the more specialized 
forms. fusion all gangha into 


compact mas 


hape 
mem 
formation 


Cacca 


the region 


difference in the 
are exhibited 


joined to 


Because the adaptive 
influence the shape and 


tructures for 
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There are however some evidence 
eat 
es istric caeca and the entral nerve cord 
1 
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4 
Coleopter of 
‘ 
nt. 145-7 
Ver 


GROWTH AND FEEDING 
DESTRUCTOR (BROWN) 


Cc; 
(_rop Insect Entomoloy 
1939) studied the effects 
natural foods the survival larvae 
and Gough (1942) investigated 
the factors that influence growth 
spp (1950) reported 
Cand. were reared sand 
test tubes with germinating wheat seeds for 
food Thi 1 a report On the growth and the 
feeding behavior larvee destructor 
reared on carrot slice and seeds of wheat, fla 


rye, and alfalfa provided individually and 
combination 
MATERIAI AND METHOD 
Larvae of ¢ a. destructor were collected tron 


EFFECTS CARROT SLICES AND SEEDS WHEAT, 
FLAX, BARLEY, RYE, AND ALFALFA 


BEHAVIOR LARVAE CTENICERA AERIPENNIS 
(COLEOPTERA: ELATERIDAE). 


ol ilfalfa, or half a slice of carrot l4 inch thick ie 
idded each vial when one food 
plied the However, only one seed 
each was added with the carrot 
combination foods was given them. One 
arva was added each vial after having 
closed with screw cap and was placed 
constant temperature cabinet and 
carried out with each food and with the com 

bination foods for larvae both sizes 

four times, cach replicate consisting 


( he ( ked 


for 
mortalit 


WCCK 


week thie 


and 


hed 


Wi 


W 


the Saskatoon area during the oil was for exuviae, each food source 
AVERAGE WEEKLY PERCENTAGES AND RANGES (ANGULAR TRANSFORMATION oO 
LARVAL LARGE LARVAL 
boop 
Average 
ve 27 3-61 3 4] 7 30 0-57 7 
Carrot 28 7444 1 ai .2 0 0-77 | 
$4 Is 9-52 5 33 6 QO 5S 4 
Bark $44 17 51 3 2064 0 0-34 8 
Altall | 14 4-56 2 Is 1-48 7 
| 1) t 3 leve i 
and early autumn I he WT’ red at 35° EF Was 1n pected for evidence of teeding, and tresh] 
for 5to months waxed cardboard cartons con prepared soil and new food were added 
taining moist larvae were divided vial 
arbitrarily into two groups according weight aresine transformation was applied 
medium sized, under 20) my and larg over 20 data Lithe between effect 
The average weight for each molting, feeding, survival, and 
was and 40.4 mg., respectively, when indi- weight were determined analysis 
foods provided, and 36.8 the percent level 
when six foods were present 
RESULTS 
Cory tablespoontul of oven-dried clay loam soi oe. 
brought to Le percent moisture saturation with Kach week, about fo percent of the larvae fed , 
distilled water was added individual serew-cap reared rye, carrot, wheat and about 
vials, inch diameter and inches percent when reared flax, barley, 
combination these six foods (transformed 
No $537 ntomoloy ) ah 1 
Canada. Accepted for publication with choice food, they attacked single 
Associate percent the case Medium-sized 
7s 


q 
| 


AVERAGE WEEKLY PERCENTAGES (ANGULAR 


PROVIDED WITH CHOICE SIX 


LARVAL 
More 

Corie Phas Corie I} 
Food Food (rie 
(Carrot 27.0 35 3 106 30 4 
VE 24 8 365 15 38 4 
Barle 6.0 20.9 7.9 16.7 


fed more frequently carrot, and wheat and 
large larvae oftener carrot than the 
when single food was eaten (Table 
ever, none the larvae fed ular food 
the exclusion the others 
they effected mixed diet 
for Both sizes fed most 
on Wheat-rye, wheat-carrot, and rye-carrot com 
binations when two foods were eaten and on the 
combination when three food 
flax with these when they fed four foods, but 
large larvae included either flax Both 
were eaten when the larvae fed five food 

The total number molts per 
from none and averaged when medium 
ized larvae were reared single foods, and from 


both cases, the intermolt period ranged from 


less than week more than and averaged 
about 5 Analyst ol variance howed that 
neither nor incidence feeding affected 
the average weekly incidence 


and averaged and 


trom 


7 perc nt on 
alter 
and feeding 
ore 
combination 


hve fore 


( 


combination 
the 
week 
Molting and feeding 
recorded 


d 
and with the 
Large 
alfa 


reared 


AVERAGE WEEKLY PERCENTAGES (ANGULAR 
AND LARGE LARVAI 


FOR REGRESS 


MEDIUM-SIZED 


Poop 
Average 
W t 19 5 
Flax 5 
Barle 
ve Is 7 


on 


than week weeks 
than 
food 


feeding per week 


molting, except 


nepgat 
In about 30 percent ot t 


ombination 
occurred 


pr recent 


occurred 


the 


and 6 perce! 


repectivel fed during 


PORMATIO 


larvae were reared on ingle food the total 
larva varied from 
lI! the ccond from 
week The intermolt 
ng le food significant 
more molting occurred when large larvae 
alfalfa than when they fed any other food 
except rye (Table The number 
— 
eel pore 
\ 
nine those reared single food and 
ted during the weel 
a Large larvae ted during the weel 
nd percent of { 
the 
oltiny oceurred 
weel Nil 
CUSE both on 
Medium-sized larvae provided with alfalfa seed 
six foods most 
rye bark Wheat on 
destructor MOLAING AND 
oetheu t A eraye ( 
0 ISS] O fost 
Carrot Is 2 3705 120 
Combinatior 156.7 11 3 O160 
D. at 5% level $7 
ynificant t 5¢ 


ysl) 
reared flax gained ess tha 
ose the combination, but 
zed fed alfalfa seed did 
(jthes the food Ya ed to a much 
times their weight larva 
( the itial, 1 COMpariso vith 1.9 
4i mother on the am food Large 
behaved milarl except that the range 
nation was much 
molts for larvae both size 
the individual the most 
Another larva molted time but 
the end the investigation weighed only 
weight 
Medium-sized larvae survived equally well 
food (Table IV) Howe large 
oad by tor ilfalla or ‘) thie combination 


t 


MILLIGRAMS PER Minus 


(KAM GULAK TRANSFORMATIO 


PERCENTAGES OF MEDIUM SIZED AND LARGE LARVAE OF 
LAKVAI LARGE LARVAL 
( } ‘ ( 
Wi Wi | 
( rt OW 79 
| 0 56 
W hie 62 2s 4 
1 75 | | 
( 10 36 Ho 1 20 HO 7 
| 1). at bY 
7 li | 
DISCUSSION 
Larvae both sizes tre 
quently on all foods throughout the test In no 


ase was there a px riod of intense feeding followed 


rection of 


suggests that the relative immunity 


other than the nutritional 
tate of wireworm larvae 

Because observations were made 
nterval the feeding records indicated only that 


1) 


} 
Ne 


had 


] 


ccurred 


of 


Vol 


period. The latter did occur about half the 
cases recorded when the six foods were provided 
the same time, but did not occur when 
alfalfa were the only seeds provided 

size the food apparently did not influence 
the feeding the larvae. Carrot slices wer 
generally larger than kernels wheat 
and they turn were larger than kernels 
fla alfalfa Medium-sized larvae fed 
extent carrot, wheat, and rve when 
were supplied singly combination with the 
other foods; large larvae fed more carrot than 
any the other foods when the six wer 
provided the same Had the 
feeding carrot been caused the size the 
carrot shee, should have occurred also 
medium-sized larvae were studied 

Failure feed alfalfa may 


the seed coat, although 
important factor, far more feeding 
would have been recorded with carrot 
with rye seed This 
with medium-sized 
this investigation, 
attacked the germ end of the 
to it Thi happ ned either because the embryo 
with the rest 
substance produced bi 


the growing embryo were attractive the larva 


bee of the hardne: 

Were 

than 


not the case, e: per 


gain entr 


larva 


COMparison 


chemical 


However, entry was not always gained through 
t he germ end Qn all seeds, but especiall on 
flax, entry was often gained larvae drilling 


Whether the 
appare de nt 
the wireworm 


through the middle the seed 
endo perm was eaten 


that 


Some seeds had only the 
others were completely hollowed out, that 


the seed coat remained 

The used this 
chosen attempt provide the larvae with 
different 
nutritional hould produced 


food: Investigation 


| nutritional ol 


ood 


high value have 


better growth than those low nutritional value 
was evidence that diet 
although affected growth measured 
weight. Alfalfa and rye caused large larvae 


al 
] foods, but 


yrowt 


other 


rate 


molt than the 
did their 
increase the number large larvae 
falfa wa 


More 
not 


tre quent 


lOlting on 
the 


accompanied bi a decrea C in 


feeding 


not caused by the food, but rather b the fact 
that the larvae molted fre que 
Evans and Gough (1942) noted that larvae 


during period 


spp. gained weight 


Observation 


lvrioles 


during 


indicated that larvae of ( a. destructor may feed 
and lose weight, gain weight without feeding, 
molt and gain weight without feeding 


Ecdysi 


( 
LT 


did not alway indicate { 


mature form larva Because great and the gain was independent the 
variation behavior, especially and the incidence feeding ted 
ized larvae, extreme caution should be employed ind lost weight gained we ht without teed 
before estimating the maturity the molted and gained weight without 
either size number molts did not alwa indicate change 
Strickland (1939) stated that only more mature form 

ledonous vegetation fulfilled the food requir Carrot and wheat alone combination wit 
ments young larvae destructor. Evan the other foods produced large increases weight 
and Gough (1942) observed that wheat was the was poor food for the larvae upplied 
most suitable food for rapid growth larvae but did affect them 


spp., carrot less suitable, and bean with carrot and wheat 


suitable. the present investigation, Survival medium-sized larvae was 
ledons were effective monocotyledons the the mixed diet large 
destructor, unlike those meticulosus carrot 
machevskii, 1950), did not enter diapause when Although other workers found that monocot 
they fed germinating wheat seeds ledons were better than dicotvledons food for 
SUMMAR\ this species and for spp., these result 
how that the food require 
and large (over mg.) larvae evidence was obtained 
were reared for weeks carrot slices and that feeding germinating wheat seed 
wheat, flax, barley, and alfalfa pro induced diapause larvae thi 
vided individually and combination. greater 
percentage fed weekly rye, carrot, wheat REFERENCES CITED 
than flax, barley, alfalfa, combination 
foods Given choice six the larvae fed Evans, C., and Gough. 
food or combination of food: The larvae perature nd humidit n the rapidity of de 
attacked one food frequently several, but ment elaterids (in Dokl. Akad 
did not feed particular food the exclusion 
Proc. World's chib. and 
diet. This diet influenced the number 
that fed during the week before, the week Life food nort 
and the week molting wireworm, Ludius aereipennis destructor 
Individuals varied greatly Econ, Ent. 32: 322-29 
APHIDS ATTRACTED LIGHT TRAPS 
Pent Ivar tate | er 
Ver information appears literature above 47° and that the 
concerning the response aphids light. both, reduced the catches consider 
generally that they are day-flying insect abl The hat 
and not respond light Broadbent the mght, providing the 
was the first point out that they fly increases the catches aphid 
the night and are freely attracted light According Broadbent, wind during the day 
writers have determined that some, but not all affected 
pecies aphids are attracted light Broad during the Although captured 
bent took 3,400 aphids from single trap during aphids unfortunate that did 
period four years, 1933 The not indicate the spe (1945 
began May, gradually increased, reached trap, the 
peak July and August and then pecific record dat 
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wet 
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used howe 
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rhe perl 

dentified 
vere 


aved for 


not mtended 


rence individual 
ulficient data 
vere not operated durin 


ind the first two wee} 


( war 
apr ata 
his mu ‘ 
/ hambra 
/ 
/ rou ‘ m 
nape 
hi vinde 
hum 
j his bakers 
Kh hum h 
hum granar 
Vacr hum i 
‘ 
horus 
how h 
hy ma amerianum 
ly ma n 
4 
thin uli mor 


1) when iphid 


during 
October 


(14 


t 15, 9. 6 


10, and 2Oteet 


Annals 


the relore 
indicate quantitative 


although the 


last week Jul 
August 


September 
Broadbent 
uch period 


Derbyshire 


From our records apparent that all speci 


granarium (Kirby) and americanum 


(Riley), all common species, were taken 
number the other hand, pomi DeG 


Patch, and Macrosiphum 
(Ashm.) also common species, were seldom taken 
the lights. should also noted that the 
hosts these three species were present 
immediate area where the traps were operated 
was phenomenal. This speci 
has never been observed frequently 
was taken light traps more 


quently than any the other speci 


1954, 1955, 1956 


| 

| t 

4) 

51 

51 

t 
i 
| 
4 
24 
Ww 
106 25 65 169 1002 
10 42 0 $ 25 272 
7 108 1s 

i 


wheat grain occurs within the area 
the traps were operated 

The large collections Rhopalosiphum 
Sands) and Eriosoma americanum (Riley) would 


expected since apple and elm adjacent 


the trapping area 
Some relatively were taken 
light trap Two specimens vena 
fuscus (Patch) were taken October and Novem 
has never been taken 
other rare species was taken Jun The most 
itch 


throughout the summer from May November 


type ol traps and lamp 
ver, white tungsten-filament and 
were used most the 
From these traps the author has identified 
ens collected were preserved and 
hen the collections were mall, all 
if 
but when the collections 
arge, onl representative sample 
~ 0 ) 
ay { 
/ 
a 47 20 193 46 268 | 42 
n » 339 5s 93 20% i 
6 23 66 13 
I 
; i" 216 315 75 | 25 
2 23 §30 |) 559 586 607 
ites two rather 
were flying, during the Spring 
chiefly May and June and 
not sho 
j 
] 
that the highest catch aphid 
| H6 percent taken im pan it the pround level and Sap 
3 a d 4 percent were taken at heights of 5 ae 
tr ps mul | cl more ! pet ed 
lower leve 


Frost and Pepper 


This was surprise because the species 
occur only poplar which does not occur 
the immediate area where the traps were operated 

previou indicated, aphids 
cases white and ultraviolet lamps 
cllow lamp Was abl 
indicates the 


collected 


were used 
used In one Cas only 


preference aphids for uitra 


STATE COLLEGE, 


6/15-7/1 6 105 
201 
8/10-21 26 
9/12-27 35 S00) 


Identical traps were used comparing yellow, 
white and ultraviolet lights equal 
The watt ultraviolet lamp required 
that Broadbent (1948) and others have found 
that aphids are attracted more strongly yellow 
than white painted traps operated 
day time. The figures the preceeding tabl 
indicate that aphid 
traviolet and 
The figures for September 
more than appears the 
white light was used the light 
trap with electric fan 
cent lamp was used the standard Pennsylvania 
insect light trap with four aluminum baffles and 
central tubular lamp. The 
rated adjacent each other with the 


respond more freely to ul 
than light 
12 to 27 were even 


wert 


lamp 


carcely more than two. feet apart Had the 
iphids been strongly attracted the white light 
they would have been drawn the suction 


however they definitely selected the 
trap with the ultraviolet lamp 


Aphid gern rally re pond to light 


of the fan: 


Conclusions 


During successive seasons 4390 individual 
were taken representing speci 
pecies are strongly attracted. Some common 
pecies apparently are not attracted 


respond more freely utraviolet 


APHIDS OCCASIONALLY TAKEN 


PATE COLLEGE, PA 


tnoecia corm (Davd 
Longistis 
Lachnus wlignu (Gam! 
yvsocallis discolor (Mon) | 
V/ ocallt tiliae L 2 


Velanocallis caryaefoliae DD 
Drepanaphis carolinenst mit 
Drepanaphi monelli (I) 2 
Drepanaphis parvu mit 
Chaito phorus vimanalis 
Periphyllus negundinu ept 
Clavigerus popuitfoliae (1 
Clavigeru mithiae (Mon| Oct 
phi pu Glo Jur 
1 phis helichrysi Waltl 2 M 


phis sprraecola Pat 2 Jul 
Hyalopterus pruni Geoth June 

Rho palostphonus latysiphon Jue 

Im phorophora rulicola Oest| Juri 

ph wophora vaccimu M or 2 Junie 
Vacrosiphum ambrosiae 
Vacro iphum pleros ler Pat | ] 
Vacro iphum solanifoli A | ‘ 

V/ is lythri ehh 4 | 
Capitophorus flaveolus (Wall Aup ept 
Proctphilus venafuscus (Pat 2 Oet. Ne 
Pergandeida trirhodus 

than white yellow approximatel 


the same with 


gathering records certain They also 
vield records rare not taken 


collecting method 
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THE TAXONOMY THE FIELD CRICKETS THE EASTERN 
UNITED STATES (ORTHOPTERA: GRYLLIDAE: 


INT 


groups that 
honored CT 


Although 


recogmized at one time ofr another al 


ubsequent author 


referred 


Fulton whose investiga 
acterized field recognition 

eparated 
nducted with 


kk has been co 


through morpho 


upported 


ubbell (1954 


ALEXANDER 


logically ill-defined forms 
with distributional, ecological, and 
relationships analogous those ocurring 
Orthoptera 

difficult estimate the size the group 
workers which will interested particular 
growing amount published material dealing 
with the morphology, phy nutrition, and 
genetics certain groups Orthoptera which 
the organisms involved were not and now per 
haps cannot identified because the investigator 
was not aware the existence several specie: 
the group was studying. Yet many mor 
phologically species are separate 
when alive, some cases even easier for the 
than morphologically well-defined 
pecies, since their ecological, seasonal, and song 
relationships have been more thoroughly studied 
and are easier these 
related pairs and groups species remain 
known all but handful orthopterists, their 
potential usefulness students 
and evolution not realized 

As with most nological phenomena, the prob 
lem morphological distinctness not always 
clear-cut. For example, only one sex 
species can identified, this still leaves specimens 
tudy the five pecies the eastern 
United States, certain pairs species can alway: 
ex. others only certain percentages the 
individuals can distinguished. This paper 
the first series several such species 
groups whose relationships have been clarified 
through study sound production and associ 
ited behavior the Orthoptera 

representative male and female specimens and 
tape recordings the calling songs each 
the species this paper will deposited 
the Museum Zoology, Ann Arbor, Michigan 
Representative male and female specimens will 
also deposited the United States National 
Museum and the Entomological 
The Ohio State additional 
ot the tape ol the cal ny song will be deposited 
with the Cornell Ornithology 
Repository for the International 
Biological the original recordings 
used for analysis are the Library Animal 
Sounds, Department Zoology and Entomolog 
The Ohio State Universit 


(ort gpleral taxonomist plagued with i 
ive been the last fifty years from 
the « tert | nited tite an ¢ timated 10 pel 
ent the these groups are 
mrecogvnized because preset ed pecimen are 
morpholopgica iidistinguishable Many of these 
been mentioned the and som 
listinet species, only cast into synonymy 
1)! olowien rice logical rice “big 
owmenl race ong torm or by other more or 
term 
Qur present knowledge the relationships 
ol these pec large] the result of the 
have beer 
ind 
ty { 
itte ) 
preserve 
Much 
roups upon which supposedly exhaustive 
lHlowever. even Fulton ha hesitated to honor 
vith formal nomenclature species which cannot 
the grounds that (1) this 
relative rare phenomenon, (2) only 
yroup wall concerned with such 
(3) a great deal of contusion would 
proper names specimens their col 
the entire group single name and 
probler iid museum collection 
Phe that the presence 
rare phenomenon the Orthoptera, and 
the work done Fulton might well serve 
for investigators puzzling over morpho 
Acoepted for pu Mas 19, 1957 


Alexander. 


PRESENT STATUS AMERICAN 

Native field crickets the genus occur 
over most North, Central, and South America, 
the West Indies, the Galapagos, and man 
Within this area they 
found almost everywhere except high altitude 
the far north, and extremely moist situa 
tions They are large, commonplace, easily 
captured insects with many prominent morpho 
logical features Yet satisfactory 
analysis even small part the genus has 
American field cricket was published 1775, and 
almost uninterrupted flow 
papers dealing with the group has continued 
ince. Forty-seven names had been applied 
the American field crickets Lutz 
1908, and Rehn and after 
tudying large series specimens, concluded that 
only on high] variable species Was represented 
Since 1915 all the native field crickets have been 
lumped together under the name Acheta 
the type which from Jamaica 

Practically all the early workers this group 
considered morphology such characters 
ize, coloration, venation, body proportion 


alone; 


number and relative lengths tibial spines, and 
the length the tegmina, wings, and 
hind femora were most often discussed A wide 
variation exists most these charac- 


ters. American field crickets range from 


mm. 28.8 mm. body length, and from solid 
black pale straw general, form 
that are morphologically similar different 
localities can found three types habitat 

beaches, sand dunes, and deserts), (2) 
black form forests, and (3) form 


between these two 
gra and weedy areas such fields, 
lawn Rehn and Hebard 


ecological 


pastures, 
(1915) 
morphologicall imilar forms, but because 
discontinuities existed with pect the 
observed, them (p. 294) 


1 


ters the 


mere variations, the adaptation of thi 
exceedingly plastic species local environmental 
further stated (p. 299) 


none these are either specifically 


the genus name used for 


The sequence of change nti 
American field crickets (Gryllus Linnaeus, 1758, to Gry/ 
ilus 1935, Fabricius, 1775) discussed 
detail by Gurne (1950, 1951 ince completion of 
manuscript the writer has been informed 
correspondence) that Chopard (Mem 
Ent. Be 27: 153, 1955) uppe ted that the 
present separation some other field 
crickets and the European house cricket the genu 
tor the cricket ener roup. 
til the matter further, but expect 
‘ ‘ il ly bye epted ere thre 


Blatchl 


upply ck d biologi 


Taxonomy Field Crickets 


new speci 


h as 


Georgia and New 


land 


Ve 


Allard 


rt 


I 


( 


(145) 


South Dakota, Ball (1942) Arizona, and 
trall (1943) Michigan, noted variations 
history and song the field crickets they observed 
these different parts the counts 1952 
distinguishing morphological fou 
populations interbreed fifty attempt 
when the present study was begun, 
Edward Thomas the Ohio State Museu 
told this writer that had known 
time that least two different kinds 
ecology and song. present tud 
revealed thre¢ peck northeastern | ted 
discussed b Fulto (1952 making a total of 
five species known United 
view the complexity the situation, not 
surprising that technique 
have failed its anal hoped that the 
study this interesting genus the great 
its range that plored 
NOMENCLATURE AND SYNONYMY 

There are fort ivallable low 
American from based almost 
entirely morphological characters 
tions the type localit mpl North 
America 
from Wwe ¢ ghit Wer 
pecimen ted rest 
from Galapago 
Islands, Lower 
United Sti the type 
of the reman luctuosu ec, & 
Serville, and issure) 
was obtained through ith 
Lucien Chopard, rles 
Geneva 

have bee from the 


geographi race re il] OW the rou 
] 
was the only investigator 
1] 
2 
ate 
OF 
“4 
: 


thie yy Mu eu Ku (ir ingustu ider, 1862 127, ( ridge 
formation has been confirmed Cape Cod, 
| 4 Z00 Harvard College, ¢ 1 
) pes OD is neglectu ler, IS62, 128, M tt 
Farr the Science Institute Kingsto Harvard College, ridge, ett 
repio t ) ¢ 
discussed here ind Pabriv de eript Purdue ersit ette. Ind 
bru t it could be applhed to almost an 
alone seems unlikely that any BEACH CRICKET 1952) 
our eastern species extend into Central South firmus Scudder, 1902 204, Brookville, Indiar 
America mit ind Punyo not Dingo Bluff, North 
The types the following species deseribed rolina; Georgia; Sanford Key West, Florida; 
iron estern United tate have bee een b | ‘ 
the writer: personatus Uhler, 1864, Kansa nated, male from Pungo North Carol 
vocalis Seudder, 1901, Palm Springs and cudder Brookville, Indiana Acheta 
Wi 1 rkele Lo ill Du vO, Cahtornia 


Acheta rubens 
armalu 1902, Beaver Dam, Utah 


and Fort Whipple, Arizona; and FIELD CRICKET (Fulton, 1952) 


Rehn, 1902, Albuquerque, New Mexico rubens Scudder, 1902, 204, 
“Thy eof the on] other eribed fron Museum of Comp rative ZLoolog Hat rd College, 

1? Cambridge, M ichusett desert plio ed or 
this area, Stal, San Francisco, female 
has been lost, according Dr. 
Malaise the Natural History Museum. Acheta vernalis 
personatus quite from NORTHERN WOOD CRICKET 
ill the eastern speci and seems to be recogniz Gryllus assimilis vernalis Blatchley, 1920, p. 704 (non 
pec ye ( were coll 
(191. 1] ( Lute the neal detern ed ernali I 
cst toa racial de ( Opt ( ! ( ribed belo 
The taxonomu tutus of the other five peck ] Gryllus americanus Blati ey, 1903 (not Drury, 1773 p 
Crawford, Pose Put Mario 


Countie 
Custel peer here recognized yh cal { ectio Purdue | ersit Laf atts 
este! need be cor dered a valid 1 
i ol the easter pec Phe mor 1) 


which 4 given below 1 based°> on di ahisitinn SOUTHERN WOOD CRICKET 

orpholog life history, and discussions Holotype Male: Collected the author 
the reasons for the evident decisions Hocking County, Ohio, Goodhope Township, 
the treating these Section IS, 1955, patch leaf litter 
just outside an oak forest bordering an abandoned 


Acheta pennsylvanica hillside field dominated Andropogon virginicus 
NORTHERN FIELD Head, pronotum, and abdomen black; tegmina 


Burmeister, 1838, 734, Nort and rather unitorm light brown; hind 

America; Zoologisches Museum, femora and all tibiae and tarsi dull reddish 

Berlin leet Pronotum narrowest near its anterior 

luctuosus Serville, North Ameri other American Acheta except body measur 

in PIVETL DCIOW, an a“ V Wut 

Grvllus abbreviatu erville, 18389, p. 336, North Ameri 1G, and 1% 


Museum National d'Histoire Naturelle Pur or /loty pe Female Collected with holot ype 


> 12: or rer ame as holot pe except tegmina lack reaching to 

«i nigra rm s oO type lo« tv ped 

Zoology, Harvard College, Cambridge, ovipositor reddish brown, darker near the 


type probabl destroyed; few rer nt ol two Veasurements of Holoty pe and I/loty pe (11 


rT 1 ‘ ti ‘ ~ 


4 
fl 
f 


d /exander: 


length hind femur, 10.6; length 


length 


Paraty pes Alexander Collection (collected by 
the author unless otherwise 
May 1954, (E. Sleeper) 
Fairfield Co., Madison Twp., Section Jun 
1955, May 1955, Adams Co., Jeffer 

son Twp., Cedar School, June 
about one mile south- 


type locality 


t Jackson 

east Carbondale, June 1955, Giant City 

State Park, Jackson Co., June 1955, 
Wolf Lake, Union Co., June 1955, 


Fic. 1-6 


Photographs typical adult 
pennsylvanica (Burmeister), spring brood 
0.94 


MARYLAND: Snow Hill, Worcester Co., Jul 
1956, Whiton, Worcester Co., July 1956 
Blatchley) from which differs being 
and having brown tegmina 
(at the |] 


least having reddish marking 
the hind femora and usually other append 


ages). hown figure and the 
tegmina the male and the ovipositor 
female are both slightly longer proportion 
body length than The general bod 


Crickets 


form, especially the distinctively narrow, retracted 


appearance of the head and the antenor narrow 


ness of the pronotum | Vel ilar to that ot 
vernalis. Specimens from North Carolina, 
this species occurs pine-deciduous forests and 


along their border larger and 
than those from Oho and the 

around such 


AVCTUpe 


and along the borders 
field 

The life 
logical 


ericket 


oak 


ecolog , and general morpho 
outhern 
were rat eribed bv 


history, 
characteristi of the 


North C 


wood 


arolina 


named honor 


of Dr Fulton, whose keen investigation first 
aroused the interest the writer the singing 
Orthoptera ind whose prompt 
locating and collecting singing Orthoptera have 
CTICKE ) Cal ( oy pt ip) 
re ( tiled b tiie ! easter peck 
remain toda to one ¢ 1 i ( 
med by Fultor cd the VO) 


— 

5 1 fulfonis 1 ernal ‘ 


ericket The reference and other characteristics the typical larger 
which seems apply this form remark pecimer However, the deviation 
Rehn and (1915, under the anus from the measurements given for 

morphological class for which they include the treated here, and the improbability discovering 
Serville and abbreviatus Serville further information about this name, 
The tate, maximum this opinion the writer, justifies exclusion from 
condition found material from the pine wood the present 

southeastern United State However, most 

of the pecimer in the erik determined b DISTRIBUTIONAL RELATIONSHIPS 


Rehn and Hebard representative this cla 


are probably rubens. Furthermore, 
collected specimens this species never have 
exceeding the tegmina, and the 
remaining female Serville’s col 


lection 
The mea 
and 
black 
any species but 
Dr. Lucien Chopard 
nucropterou 


could not apply 
both abbreviatus 
preclude their being 
correspondence, 
think that abbre 
condition 


this 
urement for 


probabl 


coloration, 


the 
are very close 

which could have been applied 
field cricket occurring the eastern United 
Gryllus 


from the above Saussure 


Saussure, 
omitted 
pecies ol ld erickets and pave 
South American countries 


for which 


deseribed 


Mexico 


type locality for all « thi pec 

only North America. Furthermore 
named thi peck after Seudde - who did prac 
all his work this group 
United his discussion the American 


pecies Gryllus, Saussure 
between Burmeister and 


Charl 
remains 


sept 


with 
“Mr. the only 
thi 
the measurements Saussure gave for the type 
| those obtained 
for vernalis and the present 
tudy (body length, ovi 
positor length, 15.0 mm.) Since both type 


eolection inthe 
and 
Onl the 


whi r 


Caeneviat 


general 


wher neat 


fall 


mens had brown tegmina and hind femora, 
cannot same vernalis. Practically all 
the available measurements 
given here for and 

the variation proportionate length bod 
OVIpoOsitor It seems most probable that 
Saussure $ types came trom castern United Stat 


Very small 
have be mn seen, which 


(and this represent 
dwarted, 
pecime! of these spec 


retain the general bod, 


neverthel proportion 


| 
ection 


The known 
crickets, based almost entirely the col 
and Fulton and the writer, 
shown figure The Missouri, Arkansa 
Louisiana, and Mississipppi records were obtained 
Thomas Walker trip through this area, 
June 14-17, The Fentress and Cumberland 
County, Tennessee records for vernalis are from 
the University Michigan Museum 
collected by T. H. Hubbell on Jul 19, 
1924, and July 13, 1922, respectively. The 
Fentress County, Tennessee, and Fulton Count 
Georgia records for are specimens 
the University Michigan Museum 
Hubbell June 10, 1925, and 
April 28, 1938, respectively. The Quantico, 
mia record for from specimens the Ohio 


record 


specimen 


Zoology 


State Museum collected b Edward S. Thoma 
On) May 25. 1935 The PCE ral lack ol record 
the area duc 


to a lack of collecting in that area 


The most complet portion of the records are 
the northward extension rubens, the south 


xtension pennsylvanica, the northward 
Qhio and on the Delaware 


' { 


ward 
extension 
peninsula, and the northward 
along the Atlantic coa The western limits are 


not known for the north 
ward and southward exter are not 
known However ill of the 74‘) Specimer! 


from Michigan in the collect 1 


pennsylvanica, and 


been found among hundred 
New England tate 

To avoid the po | nib Ww 
record based on] Oot) pee We! Iti ¢ 
have not been included ruben 
firma. The and 


ove rlap of the pecimen which would be referred 
to these three Spec uggests at least the po 
sibility that additional species not encountered 
this study may occur eastern United State 
Consequently, for all specimens determined 
belonging one these three species, either the 


habitat or the ong 1s known. in addition to the 


collection date and locality 


LCOLOGICAL RELATIONSHIPS 


pennsylvanica occurs all kinds gra 
ituations, such pastures, weedy area 
roadsides, and lawns, and the most abundant 


* 
; 
| 
we 
or are q 
wey 
ara 
ri 


l/exande 


b rubens The are probably the 


northeastern United States. 
United States replaced similar 


crickets eastern United States which occur 


Field Crickets 


appropriat plac and achieve ulfies 


RUBENS 


\ 


. y 
\ 
\ 
¢ 
ort. 


SPECIMEN SONG RECORDING 


SPECIMEN ONLY 
SONG RECORDING ONLY 
SONG HEARD ONLY 


j ric 


tern abund 
tions are also 
fhe ld the othe 
hia. 7 Distribut of eastern fiel ket 


te 
mportant reaso for the confusion Harnett and Hoke Nort 
attempts split this genus into species the Carolina, which produced 
ba ol morp! ological characte Lutz (190%) CTOSSK with ocean beach cricket (px rsonal com 
placed great emphasis the fact that the analysis 
extremes the characters hown these and specimens have the sam 
repre ented im relativel lew specime as One ong as the 
would expect single, highly variable popula The distribution along the Gulf coa 
states (p. 6), specimens inland that area unknown. However 
americanus and firmus are rare for crickets morphologically resembling beach cricket 
reason that ver hort men and very have been seen collections from iniand loca 
men are rare The present study Alabama, and Georgia 
they are rare collections because Light-colored sand area 
A | T 7 
PENNSYLVANICA 
PENNSYLVANICA } 
NYMPHS NYMPHS ) 
SPRING 
| VERNALIS NYMPHS 
FULTONI 
RUBENS 
FIRMA 
hood encountering them and greater difficult around Lake higan and Lake Erie, along the 
eastern field crickets examined collection similar areas all over eastern 
in eastern United State there were about 1900 Such specimens were for Blatchley’ 
about 750 rubens and firma com arenaceous from Lake Count 
bined, vernalis, and fultoni. This does However, crossing 
the collections Fulton and the analysis have revealed 
stated Fulton (1952, 285), collected Dunes State Park, Indiana 
inhabits flat sandy area bordering the ocean along Lake Michigan, and Cedar Point; Ohio 
This may shrubby along Lake Erie, conspecific with the mor 
bare sand, but encountered, darker-colored specimen 


a 
ae 


Alexander Field Crickets 


such are referred Rehn and which abund 
Hebard (1915, morphological vari- and 
ants from inland localities Mississippi, Alabama, vernalis and 


may represent additional species those chiefly inhabitant 


FIRMA 


PENNSYLVANICA 


VERNALIS 


FULTONI 


4 
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1 TIME iN SECONDS 


RUBENS 


] 
= } ibitat occupied | 
| 
r 
¢ 
Pig. O14 mple hospectrogray of tyy ‘ Ache  Acheta 
lome 10, firma Ider); 11, penns Bur 


| 
Ft 


both and Ohio, often more 
along the forest borders around such 
Maryland, Arkansas, and 

both in Indropogon field 


(and areas) and leaf litter 
wood The factors involved this ecological 
orphological comparison ong analyses, and 
ingle successful crossing experiment (between 
female and North Carolina male) seem 
ndicate that single species involved, with 
ony characteristics which will be described later 


and pennsylvanica overlap but 
with vernalis where their habitats meet 
the other hand, fultont 
together the same fields southern Ohio, 


rubens and firma have been found 
mixed Kure Beach and Carolina Beach, 
North Carolina. County, Mary 
and, rubens, firma, and were 


gether along the border wheat field, and 


Wit a road 


LASONAL LIFE HISTORIES 


Phe seasonal relationships the castern field 
are indicated figure The diagram 
for rubens and are redrawn Fulton 
history North Carolina Ohio 

way distinguishing the spring 
other than the differences 
ind a shght difference im the relative length of 


the body and the female 
One brood overwinters partly grown 
nymphs, one two instars from adulthood, and 
produces adults which sing from carly May until 
The other overwinters the 
stage and produces adults which sing from 
trost These two broods 
the wmne babitat, a fall male often moving mto 
the same burrow niche inhabited spring 


few adults can be seen or heard at this time, there 
were least few singing males the Ohio 
State University campus every mght from 
during the three this study 
The end the spring brood and the beginning 
the fall brood are difficult determine, but are 


indicated by the gradual di appearance of singing 
i locator and the Ippearance ol 


abandoned, which are dominated Andropogon singers new location Adult mal 
irginicus southwestern Ohio and west field crickets are sedentary, ordinarily remaining 
the River bluffs and singing from the same location throughout 
the hilltop praire open- adult lives 

ings dominated Andropogon scoparius Michx There are indications that offspring the spring 


brood pennsylvanica never mature fall 
adults last instar nymphs have 


ever been taken early winter. instar 


nymphs the fall brood can found the 
State University Campus until mid-Sep- 
tember, but later the fall only adults the 
fall brood and young nymphs the spring brood, 
about three instars from adulthood, 
Franklin County, Ohio, spring adults mated 
May started maturing early August 
However, few individuals this 
not yet reached the last nymphal instar 
October. Another pair spring adults from 
Piatt County, was mated June and 
removed from the cage July Their 


pring began maturing October, but the 


did not mature until the following April. Neither 


fultoni nor vernalis mature the fall 
but both produced offspring from early 
matings the laboratory which began maturing 
mid-August and early September, 
Several factors may involved these 
crepencies between field and laboratory observa 
tions, such temperature, diet, photoperiod, and 
water 

Fulton’s findings North Carolina indicated 
that offspring spring adults pennsylvanica 
may sometimes mature the fall, while 
(1943) failed obtain any fall adults from seven 
pairs spring brood adults caged outside 
Michigan, only about five percent the total 
number are spring crickets, result, Cantrall 
beheves, high mortality among overwintering 
nymphs In central Ohio, no noticeable difference 
broods These two brood may interbreed in 
possibly fall the southern 
part their range, may that they hav 
been such short time that 
differences appeared between them 
Certainly more investigation needed 
their relationship 

vernalis and overwinter nymp 
one two instars from adulthood, and during 
three seasons that this study has been 
they have matured week two 
pennsylvanica southern Ohio, beginning sing 
in late April or early May The adults di appeal 
late July and early North Caro 
lina, Fulton (1952) says sings from mid 
April until early August. The writer collected 
adult male and heard several singing August 
10, 1955, near Raleigh, North Carolina One ot 
the males collected was mated with a female from 
Hocking County, Ohio, August and 
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WINGSTROKES PER SECOND 


RUBENS 
FULTONI 
VERNALIS 

PENNSYLVANICA 

FIRMA 


Ire ¢ 


TEMPERATURE DEGREES FAHRENHEIT 


4 
o 
| ix 
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ONG RELATIONSHIP 


field 
field 
crickets was first noted Allard (1910) Fulton 


1 
Geoyrap! Variation 17) the 


this the inging Gryllidae, 
Zo! and ¢ ilerence have 


many species (Davis, 1922; Fulton, 
Pringle Th ma and Alt Kanide 
A remarked Ly [1 Kdward Thoma 
conversation with the writer, one who 
tudied these groups the field almost 
foregone conclusion that two which 

the ame area and have different Ons «are 
different 


with most singing and 


Figure 
The recordings were made both the laborator 
and the field, using Magnecorder PT6A 
the laboratory, and Magnemite 
field. American Microphone Company 
and microphones were used both case 
emplo the field The audio pectrograph 
Company, Pinebrook, Ne W Jer ey) 
explanations the use this instrument and 
its portrayal sounds, see Borror and 
Reese (1952) and Alexander (1957) 

Figures 9-14 show sample audiospectrograph 
from typical calling songs each 
field cricket species under consideration, 
the house cricket, domesticus (Linnaeus) 
species introduced from Europe. 


1 1 
from the localities 


VV 


(COMPARISON Of ONG CHARACTERISTICS IN EASTERN FIELD CRICKETS 


pec firma 


| | wil Number 1) 
Pulses per ¢ rp 
Mode 
Lon ke k from most 
{ Pure Fre ene 1 | to 
Rank from loud 
est t oftest 
Rank from 
trike Rate est lowest 
male field eneckets ordinaril Space them 


elves the field and remain one pot all 
live part the time the pro 
duce sound which generally referred 


the calling song (also solitary common song) 
the onl ound which will discussed 
Alexander calling song attracts the 
adult females which move toward and locate the 
roving are seen much 
often in the field than the edentat male and 
dominate collections tor this reason 


Taupe recording ind audiospectrograph have 


been made the songs field 


penns ylvanica vernalt fulton ru 


10S 120-370 108-246 176-420 
120) 150-240 ISO 200 300-360 


culture supplied Ohio State University from 
the University 

A number of analyzable character appear in 
sounds, such the frequency 
toothstrike) toothstrikes are not 
Figures 9-14), rate pulsation 


rate), rate chirping, regularity chirping, 
number pulses per chirp, and 


paring the songs all individuals recorded 
known temperatures with respect what 


probably the most significant character, rate oj 
pul ri Both laboratory and hie ld recording ure 


For further 


| 


4 


BS 


Number of Ind dua Recorded 74 12 
at 
| 
A 


Alexander 


included, and much the chirp more rapidly and 
probably due error measuring tempera than pennsylvanica and firma, with 
tures Table [1 a comparison of several charac being somewhat intermediate betwee the 
such these are difficult deseribe 
All the eastern field crickets sing both though they may actually recognition 
and night, though vernalis, fultoni, and rubens for observer distinguisning the song 
most their singing The songs the different example, chirp 
these three crickets are soft and somewhat le: with regularit southert 
musical when compared the loud, clear than across the Appalachian 
a 
7.0 
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Field Crickets 


PRONOTAL 


FIRMA 

RUBENS 

PENNSYLVANICA FALL BROOD 
SPRING BROOD 
FULTONI 

VERNALIS 


TYPE MATERIA 


SYMBOLS Ta 
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Annals 

ecology already uniform rhyth 

mical intervals these songs are behavioral] 

this introduction additional and 
different rhythmical element into the 
fultont may associated with its occurrence 


with: irregular chirper 


the south, ordinarily together 

ith only one other species, rubens, which has 
trilling song. 

The chirping rate not always the same 

ingle individual. One unmated male penn- 

was timed singing 120 per 

nute shortly after molting adulthood, and 


19.0 


140 


130 


TEGMINAL 


three weeks later the same 
and still caged alone, was timed singing 
rate 370 chirps per minute. 
Although certain cases other characters are 
more distinct and more easily dif- 
have proven better than 
single set related characters for separating all 
the Acheta species distinguished 
The recorded calling songs all species 
separated audiospectrographic analysis with 
percent accuracy. Not courtship 
songs have been recorded make comparisons, 


male, still unmated 
steadily 


ferences 


ecnougn 


but it appears that these are more variable and 


less distinctive than the calling song 


VERNALIS MALES 
FULTONI MALES 


11.0 
LENGTH MM. 


ale ol Acheta vernali 


18.0 
ee 
; A 
> 
a4 
Aa 
id 
A 
244 
4 
A 4 a 
12.5 
The relative lengths body and tegmina (Blatchley) and 
cite 1. fulton 


MM. 


OVIPOSITOR LENGTH 
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Annals Society America Vol. 
MORPHOLOGICAL CHARACTERISTICS the Great Lake the writer’s collection, 
this study were body proportior reddish spots the sides the pronotum, whil 
loration. and the the wing out specimens rubens present 
and the iengtn of tn ymin 
ovipositor number other this the best morphological character known 
ters. wing for separating these two species. Since the range 
yenit and the number relative the rather narrowly, 
the spines the hind tibiae were proportion specimens can separated 
examined. and none value was discovered. the basis distribution and the coloration 


one morphological character was found which 


vould eparats all five pecies. Except for 


ernalis, both sexes which are distinguishable 


from all the other Ppecics, most pairs ol pec 
can one sex only. The 
morphological charac 
ters (hip If} 18S) are based almost entirely on the 
collection, with type material located 
designated 


the length the hind wings 
vhile onl hort-winged individuals 
ome individuals reared high 
dog food and under condi 


developed underwings slightly longer than 
the but similar conditions 
duced long-winged vernalis. Almost 100 percent 


reared under these conditions develop long wing 
we authors have considered this character to 
value since was discovered that long 
parents may short-winged off 
long-winged offspring. However, the ability 

hown figure all species except penn 


the pronotum generally widest near 
tenor margin and the head appears omewhat 
retracted (figs. pennsylvanica and firma, 
especially the males, the reverse true, with 


part the pronotum near 
border md the head a often wider than the 
portionate width and general conformation the 
head and pronotum readil eparaté the male 


of fultont and vernalis from those of the other 


With coloration, vernalis represent 
im extreme, bemy near] alwa' totall blacl 
few have reddish areas near 
the base the hind temora pennsylvanica 
from totally black specimens specimen 
ith hight brown teymina priate or reddish hind 
femora, and pile or reddish pots on the ile of 
the pronotum pale ire most cor 
only encountered im sand rea uch as around 


the 

rubens and firma are similarly marked, 
generally having brown tegmina 
reddish hind femora, addition 
having reddish patterning the sides the 
pronotum. also has brown tegmina 
and least partially reddish hind 
separable from vernalis both sexes the basi 
of color alone. 

vernalis the smallest the five speci 
with the smallest specimens seen only mm. 
body length (male) firma the 
with specimens the writer’s collection 
mm. body length (female). This prob 
ably not good indication the upper limit 
ize for firma, but specimens positively identified 
firma this study are limited 
which data other than character- 


istics are available. Fulton (1952) 
mall number beach crickets the class with 
body length mm., and Rehn and 


Hebard (1915) list the range body length for 
American from 14.0 mm, 28.8 mm. 
with considerable overlap, and pennsylvanica and 
rubens average smaller than firma 
maller than pennsylvanica, and individuals from 
the fall brood pennsylvanica average 
maller than those from the spring brood. 

shown figure the females are 
eparable from those all the other species 
the basis relative lengths the and 


bod The fall and spring broods pennsylvanica 
are al © partiall eparabl on this ba 1S, and the 
location the syntypes pennsylvanica this 


diagram indicates that these were fall specimen 
which is to be expected since the fall brood 1 
present larger numbers and 


yenecra 


represented collection 


CROSSING EXPERIMENTS AND HYBRIDIZATION 


The only evidence 
northern crickets the field, spite 
overlap, consists one male collected 

outhern Ohio which both and penn 
occur. This specimen, though having 
the narrow head and general body proportions 
fultoni, had long black tegmina and fully devel 


oped underwings, and was larger than any 
collected Its chirping had the typical regularit 
ind peed of Ving motion ol fultoni. but the hirp 


ak i 
+ 
ine 


| 


were four-pul 


about 240 per minute F.) failed likely that song are 
produce offspring when mated with penn this regard, tests have 
female from the spring brood performed 


Figure composite diagram 
CTOSSE 
(1952) and additional crosses 


completed the study. 


uccessful crosses probabl do not reflect a lack 


reproductive isolation the field 


MALES 


VERNALIS 


FEMALES 


FULTONI 


Alexander 


and delivered regular rate 


and controls completed 


Taxonomy Field Crickets 


observed difference It) ony are 


respect to the behavior of the femal 


Fulton 


FULTONI RUBENS FIRMA 


RUBENS 


FIRMA 


FULTON 1952 


PRESENT STUDY 


Fic. 19. Cro 


OFFSPRING PRODUCED 
FULTON 1952 
PRESENT STUDY 


fultont and pennsylvanica occur the same mating 
the same time, and yet maintain their 
These crosses indicate, however the controls 


that the effective factor 


INCOM pie te 


the field 


behavioral. This suggestion 


ened b the 


fact that only one presumes 


ind CTO 


has been he ard or collected in the fiel 


whiheant 


and control all possible types mating 
The three species, courtship, successful copul 

(transference of the per atophore 

Adults position though not all the 


Ov! 
lual 


witl 

VERNALIS 

that were heard singing the calling 


and virgin females caged alone often Today the range pennsylvanica 
chewed their way through the cheesecloth fairly Indiana, and 
the and while this happened while vernalis and occur only 
nee twice control cage This mall isolated The uniformity 
could have been due attraction the two species across range 300 400 
ongs males their own species coming from east west suggests, however, that 
the room, simply change distribution was once fairly continuous. 
the physiological condition unmated female probable that vernalis was once the most 


PHYLOGENETIC IMPLICATIONS 


knowledge the distributional and other 


relationships the Achela species too scant 


allow any great amount speculation 
their certain historical aspect 
cem worthy mention. 


Three the crickets under consideration have 
the 
(pennsylvanica, rubens, firma), one 
ernalis), and one does 
probably imperfectly Wing reduction 
here probably secondary condition, the short 
vinged forms derived from population 
vith the ability form long wings. pointed 
out the writer Dr. Fulton, this genus 


produce long-winged individual 


11 


others, those species occurring 
HSSocations are generall able to de velop long 


1 


mature climax associations are generally not 
able Che exact stimulus for expression 
this potentiality unknown, though may 
connected with crowding with 
proportions long-winged individuals penn 
and rubens are formed the 
crowded cultures reared high-protein dog 
food any rate, high degree correlation 
between the capacits to produc individual 
capable and the degree instability 
lack permanence the habitat would appear 
have obvious advantage 

pennsylvanica and rubens have both spring 
and fall broods, though these may differ somewhat 
relations each other the other 
and firma fall Both pennsylvanica 
and rubens exhibit considerable variation most 
especially, are quite uniform 

From all these comparisons one nught 
that the common ancestor of all these pecics wa 
double-brooded which probably occurred 
some sort unstable impermanent habitat 
and posse ed the abilit to produce long winged 
individual 

Settlement and clearing have undoubted! 
brought about drastu change in the relative 
numbers and the field crickets 
State Prior settlement 
about percent the state was forested 


percent was Today, only about 
five percent ol the tate is forested, and the rest 
chiefly involved agriculture and perpetuall 
types gra veedy, cultivated 


abundant field cricket this area, and fultoni 
must have occurred more less 
across the southern half these 

finally viewing the various populations 
correctly distinct species, the effect our 
reconstruction their distributional 
apparent that these species could not have 
developed a “Tocal”’ adaptation to environ- 
mental conditions, with distributional relation- 
hips such those prevailing today, 
geographic isolation grander scale must have 
once The general distributional rela 
hip the illustrate patterns 
ver imilar those between other 
corypha, Neoconocephalus, Plerophylla, Oecanthus 
and Anaxipha (unpublished data). seems 
likely that similarly related forms, perhaps also 
poorly defined morphologically, may exist the 


non-singing Orthoptera 


KEY SPECIES Achela OCCURRING 
EASTERN UNITED STATES 


has already been indicated there are many 
cases which preserved field crickets cannot 
positively identified morphological characters 
alone. tempted write key utilizing 
Ory ¢ haracter and geography al, ecologi al, and 
easonal distribution, well structural fea 
ture However, these characteristics can be 
compared more easily simply referring the 


various illustration The following key based 
chiefly morphological characters, will 
distinguish most preserved specimen should 


remembered that deviations from the colora 
tion described here may occur specimens col- 
lected traps and cleaned passing 
through various solutions, and very old dried 
pecimens. Thus, old pinned specimens 
nalis develop dull blackish red coloration, 
though newly pinned specimens retain the solid 
black color living individual 


| (; neral color ition straw rad ll bro ish ( ht 
head and pronotum dark brown, mottled wit 
paler re ; head witl irregular rk 
trar ers bar exte ay bet weet the eve 
near their dorsal border rrower light bar 
front and behind this domesticus 
coloration ranging from solid black 
lark brown, tending reddish 
2(1') Pronotum of mele widest near it osteri 
border: head of 1 e de te “~ or t 


~ = 
| 
i 


pronotum, presenting a retracted appearance, 
not exceeding 4.7 mm. width; body 
12.8-19 mm.; ovipositor length 9.5-15.5 


Wa micropterou in both sexe 3 
Pronotum male usually widest near 
terior its middle; head male often 
wider than pronotum not, presenting 
wollen globose appearance, almost alwa 
over 4.7 mm. width; body length 15-29 
mm. or more; ovipositor length 12-24 mm 
or more; macropterous or mucropterous in 
either sex 
Coloration solid black, rarely dash 
on the inside or outside of base of hind 
femora vernalis 
3' Tegmina always brown; hind femora usually 
reddish or pale, at least on basal third; tibiae 
pale fultoni 
Found along the Atlantic Coast (and probably 
the Gulf Coast), and sandy areas 
Southeast; body usually over 
length; ovipositor 19-23 mm. or more in 
length and as often longer than the body a 
not firma 
Found fields and areas throughout 
eastern United State including the area 
described above; body rarely over mm. 
length; ovipositor rarely over 18 mm in 
length, and als horter than bod 


Pronotum usually with reddish 
pots sides; southern crickets occurring 
northward only into the Appalachians and 
the southern tips and 


Pronotum almost always lacking light spots 
ides, except crickets collected northert 
indy areas, such as around the Great Lake 

northern crickets extending southward just 
below the Appalachian pennsylvanica 


SUMMARY 


The singing and 
pecies which have not received formal recognition 
by taxonomists because morphologic al character 
are not known which 
species four which were shown 
Fulton (1952) non-interbreeding populations 
North Carolina. but one pair these 
can separated, least one sex 
the morphological characters whos 
attempts to deal with the whole genus at once 
and (2) studies based morphological relation 
hips All five species can separated 
the basis song differences revealed 
spectrograph analysis. 

abundant species northeastern United State 


occurs grassy and weedy areas, has chirping 
ong, and has population 

one adult spring and one adult 
rubens (Scudder) the most abundant species 
outheastern United State: also 
and weedy areas, but consists single, 


double-brooded population, producing both spring 


and fall adults, and has trilling song 
ernalis (Blatchley) and are 
chirping which occur leaf 


northe aster! 


and certain variation 
pennyslvanica 
Ss probable that 


et unrecognized 


United State 
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PAPER CHROMATOGRAPHY STUDIES THE ANOPHELES MACULIPENNIS 
COMPLEX CALIFORNIA (DIPTERA: CULICIDAE)' 
LAWRENCE LEWALLEN 


Yolo County Health Dep rtment, Woodland, Califor 


tudies the used the primary criterion for separation fron 
complex have been based freeborni Aitkin which has unicolorou 


large extent presence absence wing dark wing 
work Aitkin (1945) which the light colored breeding along the coast 
coppery silver-white mark the apex the very inland, while freeborni 


valle Typical occidentalis popu 
uthor yratefull icknowledye the uyyestion latior exte nd along the coast fron rough! Pj mo 


Accepted for March 20. Pismo Beach southward the Mexican 


Calif. State Dept. Publ. Healt coastal populations the compl 


Bure 10of Vector Contro which On the ba the presence OT 


Lewallen 
absence the wing mark have been reported 
either occidentalis even both from 
the same locality (Freeborn and Bohart 1951) 
These populations may actually all be occidentalis, 
individuals which lack the typical mark 
these two species lends support to this hypoth Sl 

this the morphological approach 
not been satisfactory for distinguishing 


and 


identalts 


Orme 


ecolog’ ol 


basis 
entirely 

Paper chromatography studies similar taxo 
nomic problems have shown promise untangling 
such species complexes (Micks 1954), and would 
appear likely that this technique could applied 


assume that differences the 
biochemical makeup these two species would 
sufficiently distinct reveal consistent dif 


ferences the ninhydrin positive patterns 


by protein constituents as revealed by one 
dimensional paper chromatography, that 
these differences could used 
taxonomic differentiation 


METHODS AND MATERIALS 


tudied from the following area Southern form 
Agoura (Santa Monica Mountains, 
County), Sand (Orange County), 
Jamacha Junction (San Diego 
Luis Obispo 
County), and Davenport (Santa Cruz County) 

1 no pheles freeborni population were ampled 
(Kern County),* Resting 

(Inyo County), Maxwell (Colusa 


Los Angel 
and 


(San 


from 
Spring: and 

Material for the preparation chromatogram 
two method Either adult 
under culverts and 


aspirator and brought 


wa obtained by 
females 
low bridge > by mean: 
the laboratory 
where adult females 
larvae were collected 
laboratory to the 
made during the period 


for progeny rearings, 


were unobtainable 
adult stage 


Ma Lo 


reared the 


17 
were 
eptember, 1956 


ld collected 


placed 


with micarta 


females were usuall 


inne he 


and bottom, wood framing, and 
plastic sereening the back 
front the consisted acetate sheet 
the portion extending from the top 
downward inches, the remainder the front 
being occupied leeve about 
30 inch long Food Wi provided 1) medal Ol 
lish and saturated with tap water were 
placed 0 top of the Vel ellucotto isuall 


Paper Chromatography 


The ippeared feed not 
the raisins but the juice that seeped 
into the cellucotton well. blood meal 
provided since the condition of the femal pect 


mens indicated that blood had been obtained in 
the field 

The oviposition site consisted plastic 
dish about one distilled water with 


quarter 


bottom part the taper the 
The funnel was made cutting out one-fourth 
the disk pie shape and stapling the cut 
edges together. The bottom orifice the funnel 
was about one inch diameter were 
deposited the moist filter paper, near the water 
line 

The other method of collecting cyy consisted 
tion tubes which con ted of a test tube 15 em 
long 1.5 em. diameter with strip filter 
paper long 1.2 em. wide inserted into the 
tube and moistened with tap water; the tube 
plugged with piece cellucotton close 
confinement of these conditio was beheved to 
faster for rearing, although this method produced 
eggs were found tubes dead 
quitoes, indicating that the female had laid 
just prior death The oviposition tubes wer 
inspected hour interval 

were collected from the filter paper cone 
pans containing 1500 ml. tap water which 
constantly aerated b mean ol oa mall 
compression The air was 
the series pat maximum) from 
main air line by mear ol 14 neh gla ter | | 
erted into the main line ind leading to eacl : 
individual pan b meal eight meh prec 
inch rubber tubing pre ire 
Wii regulated with a Hoffman tubing « unp 
pan from the main air Phe air outlet 
erted the end the rubber tubing 
of the Vale! prevented taynatior i | the 

Larva 0d CO ted of equal parts of ground é 
laborator chow? d dried brewer Phe 
larvae were fed light the mixture 
top the t-shaker type 
container until the food stopped skating the 
Vater surlace 

All rearing was carned out room temperature 
therefore was impossible get exacting dat 
the life history these species under 


1 
ia 
4 
d 
a 
BY 


Annals Entomological 
tions were made occidentalis southern 
form (Sand Canyon): egg stage, days; larval 
tage, 15 to I7 day pupal tage, 3 day 
freeborni (Buttonwillow): egg stage, 
stage, days; larval stage, 
pupal tage, day: 


PREPARATION OF CHROMATOGRAMS 


Most chromatograms were prepared from newly 
emerged, unfed mosquitoes obtained 
b laboratory rearing trom eggs, or trom. fi ld 
reared through the adult 
few chromatograms were prepared from 
females that had not yet obtained 
blood meal, and compared with chromatogram 
reared specimens from the 
with differences the result This 
indicates that differences which existed 
between reared specimens field 
collected specimens had effect the chromato 
praphi pattern produced 

preparing paper chromatograms mosquito 
adults, fresh tissue techniques were always 
mosquitoes confined shell vial 
were the fumes from five 
cotton localities with little material 
avallable, smashes were made on the papel b 
centered 14 mm. trom the bottom cdg Ol a 
Whatman filter paper strip long 
mm. wide the top, tapered mm. wide 
the bottom; the mosquito was then crushed 
the paper with glass part 
such the head, wings, and legs were 
picked away with forceps leaving material from 
the thorax and abdomen This proved 
cutting off extrancous parts first 
with dissecting scissors, and was mor 
rapid 

For where abundant material 
homogenates wer prepared 
homogenates were prepared placing 
homogenizer tube and macerating 
centrifuged 1,000 times gravity for five minute 
centrifugation the supernatant liquid 
strained through two cheesecloth and 
collected small beaker. The strained liquid 
as h-white 
The extract the chromatograms 
tuberculin yringe fitted with a 27 pauye needle 
with the pot ground off flat; the needle was bent 
down degrees from the base. The 
was held horizontally wooden block which 
modified micrometer was mounted 
arranged advance the plunger 


W 


liquid was delivered with each five-thousandth 
inch turn the barrel. This type apparatu 
has been used extensively for applying measured 
drops insecticides house flies (March and 
Metcalf, 1949) 

Each chromatogram trip Was prepared bi 
potting the extract pencil mark centered 
mm. from the bottom edge filter paper strip 
the same dimensions previously described 
for the smash method. Each strip was spotted 
the same area six times, allowing the paper 
dry between each spotting After drying com- 
pletely room temperature following the final 
application material, the papers were suspended 
test tubes 195 mm. long mm. diameter, 
wedging the wider top portion against the 
sides the tube, allowing the remaining, nar- 
rower four-fifths the strip hang 
the tube with the bottom end emersed 
olvent. Each tube contained ml. propanol 
solvent (Buzzati-Traverso, 1953) and was 
plugged with cork. strips were developed 
for approximately hours 10° C., after which 
the papers were removed, the 
marked, and the strips hung dry 
temperature 

The ninhydrin-positive pattern was revealed 
spraying the strips with 0.2 percent ninhydrin 
(Buzzati-Traverso and Rechnitzer, 
spots appearing the 
blue, violet, gray-blue pink depending the 
nature the constituent 

general, homogenate preparations tended 
give sharper separation the constituents than 
the smash method; frequently trailing was evident 
the smash preparations, but this did not intro 
duce clement uncertainty delimiting the 
areas containing the constituent 

Although taxonomic studies comparisons 


pecimens for each category examined, enough 
material was not available prepare 
matograms each population for 

following number smash 


chromatograms for each population: Agoura 

fed Jamacha Junction mal 3, female 2: Pismo 
female 4 

Six chromatograms cach sex were 


‘ 


populations with the same result 
the smash method 


EXPERIMENTAL RESULTS 


The average values obtained for the variou 


populations are given Tables and 


4. 
“ 
ea 
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Lewallen: Paper Studies Anopheles 


occidentali northern form 
occidentalis (southern torm 
Ayoura 24 36 O44 
ind Canyor 0 29 0 39 0 46 


Maxwell 0 06 0 12 0 20 0 27 03 O43 0 53 
Buttonwillow 009 O19 Q 24 0 30 0 3S 45 538 


occidentalis (northern form 


occidentalis (southern torm 
Avoura O24 () 32 0 40 O45 
Sand Canyon 0 16 Q) 22 0 26 0 33 O49 


Maxwell 0 OS 0 14 O19 () 25 0 30 0 36 O45 
Buttonwillow 0 09 0 16 0 21 0). 28 O45 44 52 


DISCUSSION female some instances having more spots than 
graphic patterns consisting four five spot 
Or" al attern there consistern WhCT 


ompared with 
pots, while the pattern freeborni population with 


consisted seven spot UMMARY 
From these preliminary studies appears that Adult characters the Anopheles maculipenni 
the southern coastal form the maculipennis complex California have not been 
complex closer pattern the typical northern satisfactory distinguishing some populations 
form of occidentalis than 1t 1s to freeborni hi | no phele s occidentali from { frechormi { 
indicates that the southern occidentalis popula occidentalis typically coastal species with 
tions have probably the pale mark the copper silver mark the 
and therefore resemble the from Pismo Beach northward, while 
freeborni. More studies this nature populations from Pismo Beach 
with more material than was available for lack the wing mark or have an indistinet o 
resent tud will be necessary before thi thus reset bling 1. freeborni 


view can substantiated However, the result 


O speci ti he re «ai j 
chromatograph as an approach to clarif Ing the is well as methods of pret chror tnorras 
maculipennis complex for compariso 
difference pattern between the male and Comparisons fresh-t 
female the same population from the Log that 
locality evident some cases with the male ninhydrin-positive formed 


having one two additional spots from the northern 


The reverse appears hold with the occidentalis howed 


(FRAY 
Iree hye rai 
GRAY 
jreehborni 
4 
é 
Procedures for collecting and rearing these two 
bry 


one another than either did 


The northern occidentalis chromato 
contained four five ninhydrin-positive 
pots; the southern occidentalis contained 
five spots, while the freeborni chromatogram 

difference pattern Nil noted betwee 

ocality, most well difference 
between ample population of the same peck 
rom different area These differences did not 


iffect the overall pattern bor COMpa4rison of the 


The preliminary results indicate 
chromatography sho promise another mean 
distinguishing between occidentalis population 


and population 
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COMPARISON FIVE METHODS SAMPLING ALFALFA FIELDS 
FOR ARTHROPOD 


FENTON 


undertaken determine 


t hie ellect several t he msect, 


pider, and mite populations alfalfa field 


of the first problen Wil to ce velop 
tandard method sampling which have 
howed that several method 
had been used other worker Five method 
ted and some were paper 
Is a report on these test most of which wer 


review of literature 


were 


i 


METHODS IN STUDS 


(1932), Gra and 
(1935), 1945), 
experimented 


The sweep Delong 
Preloar (193335 Beall 
and Whittaker (1952), 
evaluated the weep net method of 


populations 


sampling tor 
various types habitat: 
ilfalfa to trees 


from 


msect 
and shrub Their conclusion 
favorable (DeLor Gora and Treloar) to favor 
able prov ided the cateh wa correlated with 
temperature and wind velocity taken the time 
weeps Were made (Roma 

this study the sweep net had diameter 
made with the net while the next and 
ueceeding stroke always made in part ol 


growths most the plant 


One pa Wa 
were 


hort parse were 


single stroke but the plant 


taller, | and | of them 


hit with the net 


Were 


HOWELL 


area and 


were taken per each one 


at each point trom 10 to OO 


ample 


weeps constituted sample. The insects and 
other arthropods collected were 


tetrachloride on 
absorbent bottom of a 
cardboard container The net was then partialls 
everted so that the insects and other animals in 
the net were inside the container few 
more drop: ot the fumigant were added to the net 
least one minute 


contents the net into the con 


carbon 


towelling paper the 


drop: 


piece ol 


allowed to elapse betore 
Each 
alcohol for later « 


pe 


collection wa 


The proportion insects the plant 
which were caught the net was determined 
First, the number 


stroke of the net wa 


ting on 


the following test 
found 


included 
from 124 177 with average 155 


those part ol the vhere the tand Wa 
pericct Phi meant wu an average tand of 
having few skips the rows, that 
19.375 tillers were ampled for each 125. strokes 
the net Since, however, the stand was not 
areas this field which were sampled, 


probably 15,000 tiller 
and this number 


approximate 


conservative 

been used our compilation 

et up having the 


number tillers that would 


Oone-ToOW plot Were 


wept with one stroke the plots 
located various parts the field 
prepared for sampling the simple method 


3 
he 
an 
Oklahom tate Universit Stillwater 
4 
\ocepted tor pul eatio Apr 26, 1957 


> 


Sampling for 


| rthro pod 


cutting down all the plant both side Plant clippings 
each row well both This was made, five tillers were clipped 
done the day before the were taken each five points, also elected 
procedure followed making the tests was clipping was 

the plants the row. The insects and 
collected this one net stroke were then removed added clippings constituted 
from the net according the for each date 


POTTED ALFALFA APHIDS AND THRIPS COLLECTED IN 125 Swreers Wire: | 
TOTALS PRESENT THE PLANTS PLANT CLIPPING Cot 
STILLWATER, OKLAHOMA, 1955 


NUMBER OF 


APHIDS AND THRIPS PER 15,000 THRIPS COLLECTED 
June 15-17 27 OOO 104.000 55] 2 0 007 
lune 25-27 3S 400 105,600 1.078 Sit 
11-13 10,200 94,200 2,080 OS 
ept 1200 105,000 200 4 046 Vi 
ept. 21-23 7.200 28 SOU) 23 2 0 OS 
Oct 10-12 1. SOO 20.400 11S 65 OOS 7s 
(det 26-28 S400 54 000 S45 
COMPARATIVE NUMBERS AND MITES TAKEN CLIPPING 
HLLWATER, OKLAHOMA, 1955 
Collembo Mit Collemb« Mite ( ‘ Mite 
June 15-17 0 2 0 
June 25-27 0 140 2 
ept 21-23 ‘ | | 
Oct 10-18 0 2 0 
Pseu nella iolenta Ve lrhorute hun | j 
kintomobrya multifasciata ‘| Lepidoc yrtu nen (; Left rlu 
neu cinerenu Ke Lepi loc yrlu | Lepidocyvrtu | 
/ foma viridt r. delta M (; Deprar ra 1 ; 
minthuride pumil 
he row wa repeater vept itil all insect nsect ert eparut ! 1 
ests were made alfalfa field gone shaking 
ontinuing Except for thrips and alfalfa aphid 
ror 14.2 to 714 percent I a the insect d Berlese funnel \ 1 
piders resting the plant vere taken the first 


t¢ 
} 

i.) 
| 
WIND 

) 

0) 

) 


4 
| 
4 
Hic 
4 
q 
rie 
pay ff 
the 


re 


The one used this experi 
ment was metal funnel inches deep attached 


inche The lower opening 
erving jar. screwed the funnel, 
was used trap the arthropods 


out the sample the heat generated 
a 2O00-watt electri light bulb The socket of this 
bulb Wi oldered to the center ol a metal COVCT 

The sample, which was 
soil, trash, and plant roots from 
supported 


square area, 
wire screen at the bottom of the cylinder 

traps. Barnes and Fichter (1954) 
used traps measure surface inhabiting 
pint wide-mouth glass preserving jars 
foot interval jar charged with about 
one inch of water to w hich a teaspoo! iful of 10 per 
cent formalin and pinch detergent had been 
period exposure was hour: 

Henderson tork-type sampling 
Vice, designed by Henderson (1956), was u ed 
concurrently with weeping means com 
paring the two methods sampling 
(Buck.). This device consists fork-like hand 
tool which holds four narrow strips window 
covered with adhesive material hold 
the trapped aphids place for later examination 
The fork placed the ground 
beneath the plant the plant are shaken 
dis lodge the aphid: 


RESULTS 


the sweep net collecting aphids 
and thrips. Assuming that most the aphid 
and thrips remained the plants the 
clipping was transferred the jar gives 
for calculating the percentage taken the sweep 
net, since the average number tillers taken 
125 sweeps given this caleu 
lation, however, two things must taken into 
onsideration first, many sample: only the 
uppel part of the tiller was clipped ; and secondly, 
it is well known that some of the potted alfalta 
aphids drop plant upon the 
Table must taken the minimum number 
thrips and spotted altalta aphids calculated to be 
sweep net collected from 22.4 percent the 
number aphids present the 
lers, except the period July 25-27 when 
none were taken It is evident that usually les: 
than percent aphids are taken from the 
plant: in the net, and considerably less than one 
percent the thrips most cases. The 
crepancy shown the July 25-27 counts can 
accounted for the fact weep net 


America 


covered much more the field being sampled 
than the spot thod 

Mite and Collembola populations best sampled 
traps Table shows the numbers Col 
lembola and mites collected sweeps, clipping 
and traps appears that most 
arthropod are inhabitants soil 
surface alfalfa field and that 
occur plant the case mites, 
few collected 
cr Collembola were occasionally collec ted by 
weeping, and one species, Deuterosmynthurus 
was swept from alfalfa plants large numbers 
certain dates sampling pit traps 
was necessary to record the mite and Collembola 


sweeping were mostly plant feed- 


populations found field 


III 


UMMARY NINE TRAP COLLECTIONS, 
JUNE 15-OcTOBER 28, 1956, STILLWATER, OKLAHOMA 


COLLECTED 


TOTAL DURING 
COLLECTED Hour 
Coleoptera (mus¢ 23 
Carabidae (adult: 
Carabidae (larvae $2 13 
Cicindellidac 15 6 
Monotomidae 52 19 
Meloidae 315 255 
Hyme noptera (mis¢ 91 32 
Formicidae 
Diptera (mise 22 
hloropidae s4 Is 
Phoridac $4) 20 
Lycoridae SH 35 
Lepidoptera 
Hemiptera 
Homoptera (m™mis¢ 16 5 
maculata 
Orthoptera 
Collembola (mis« S16 169 
hy anoptera 10 5 
Acarina (mite 
Araneida 165 7 


Other species taken pit traps, rarely sweep 
ing might expected, beetles the 
Carabidae were commonly collected in the pit 
traps, but most them rarely, ever, sweep 
ing. two years collecting obtained only 
one species regularly sweeping, namely Lebia 
viridis sixteen periods col 
lection Carabidae iken dates totaling 
following three have been identified Poecilus 
chalcites Say, Scarites substriatus Hald., and 
Rarely was Lycosa spider 
taken sweeping, but quite 
found the pit traps. The same was true for 
two species Cicindellidae, namely, Cicindella 
punctulata Oliv., and Taracha virginica 

Other records from pit several 


ai 
a 
is 
¥ 
ae 


and 


Sampling Alfalfa Fields for 


SPECIES 6/15 6/27 7/13 


COLEOPTERA 


Collops 4-maculatus l | 6 
Scymnus natchecianu 0 0 
Lehia viridis 0 | 
Collops halteatus ] 
Hippodamia convergens 9 20 209 
ORTHOPTERA 
Ocecanthus nigricornis 2 2) 
HYMENOPTERA 
Chelonus texanus 0 l 9 
Cremnops vulgart 0 5 0 
Avathis gibbosus 0 (4 
DIPTERA 
HEMIPTERA 
Lygus lineolari 24 299 500 
Thyanta pallido-virens accerra 2 i) 0 
Nysius californicu 0 14 
Geocorts pallens; G. puncti pe 2 0 
Liorhyssus hyalinu i] 0 10 
Sinea diade ma 0 0 5 
poasca fahae 52 156 SS 
Vacrosteles fascifrons 2 
Nesosteles §Pectes 2 3 5 
LEPIDOPTERA 
Caenurgina erechtea l 2 0 
Loxostege similalis | 0 
THYSANOPTERA 
Frankliniella occidental 5S 


Were usually present the collections and, 


certain times the year, they were also taken 
Sweep Adults and larvae the convergent 
lady beetle, convergens Guer., were 
also collected and one year 


Monocre pidius es pertinus (Fab.) wa taken in 


large number Both these species were also 
taken large numbers sweeping. three 
striped blister beetle, lemniscata 
another example species commonly taken 
was frequently found, and one period 
more these aphids were collected traps thar 
sweeping 

the surprising developments the pit 
trap collections was that Diptera and Hymenop 
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AVERAGE NUMBER PER 


eld Number 2h cep Fork ‘Too 
2 222 
9) 110 
4 
lor ¢ 1 rei 
shaded falfa plant 
conditions the numbers collected because 
natural weekl aration in the abundance of a 
Table how: the record lor 
pecies very few which, with the exception 
noted, were collected other method Thi 
list means complete, but includes all 
the Diptera and Hymenop 
tera were very abundant times, not 
weep the number taken for con 


parison Table each date represents 
mately 12,500 tillers time during 
this period was any these species, except aphid 
ind thrips, abundant have oceurred 
the rate one per tiller 

Comparison sweeping and 


pler A comparison Of the weep method with 
the fork sampling device Henderson 
Four fields were simul 


taneously with the net and the Henderson sampler 
was found that the latter was 


spotted alfalfa aphid population varied trom 


igrhit to heavy The number caught by the Wo 
methods varied in three fields to ver nearly the 


the the lightest infestation were 
quite different as determined by the two method 
fork device showed that the infestation 


number one was time heavy 
field number four, whereas the net showed it to 
only times Much more thi 
field was covered by the 125 sweep than by the 
ten spot samples taken 
infested area b the latter device were much 


‘ 
Yrealel 


sweep net method sampling 
also compared with the one where surface soil, 
trash and plant root Wort proces ed with 
Comparisons were made 
VI) of the numbers ot potted altalta aphid . 
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to show certain difference 


and thrips were collected the 
sample: than the swecp 
species thrip bicolor 
, aken in the oil and trash sam 
The differences numbers mites and 
striking, far the most being 


the Berlese 
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with sweep net handle 
ampled average 155 tillers 
alfalfa field where 
the * spotted altalta aphid and a 


the stand wa good With the 


from 44 to 77 percent ol the 


the plant were collected ly 


Qn the other hand not over 10 


these aphids resting the plants 
net Comparative also 
maximum average of not over ore 
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percent 
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thrips were collected the net 
best method the five 
are winged and The 
excellent tool for locating 

t infestation In somewhat hear 


the population distribution 
very uneven this method proved 

Chpping plant tillers and immediately placing 
them jar for later examination was tar more 
than the net for determining the 
ol aphid and thrip present on the alfalta pla t 
There was large population various species 


insects and mites living the surface 
alfalta fie ld whi h Wa best ampled with the pit 
trap funnel method 


abundant this microhabitat were the ground 
beetles, Collembola and mite 

The Berlese funnel method was 
determine larvae and other stages 
oil, and it also measured arthropod populatior 
quantitatively which the pit trap 
the other hand, the pit trap ampled the oil 


ICTICS( 


period than ible means the 
funnel, and there evidence that will 
the presence certain very delicate forms which 
would not found the Berlese funnel 

The Henderson sampler was very well suited for 


Fenton and Sampling Alfalfa for Arthropods 


taking samples the spotted aphid 
usually caught them the same 
all methods have their special uses 
combination of everal needed to make 
thorough and complete study the arthropod 
ecolog cal alt fiele 
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NOTES AMERICAN MOSQUITO PUPAE II. THE AEDES 
(OCHLEROTATUS) PUNCTOR SUBGROUP, WITH KEY 
KNOWN NEARCTIC AEDES PUPAE 


(DIPTERA, CULICIDAE)' 


RICHARD DARSIE, 


1951, Knight published study the 
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ersity of De re 
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these member 1 ble or hy i! il chara 
ter ilthoug du } 
Lance 
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( rpenter 1 | 
nave gene } 
ight 


percent 
collect the 
wer p net 
extreme! 
| i itropodi Red 9 
& 
; Department of Entomoloy 
University ichusetts, Amherst, for the 
pupiae { Aedes diantaeu nd A. dechicu 


Through the kindness Dr. Stone and the latter two characters; 
many the actual reared associations double (in variety), 
tudied Knight were made avail pinna the trumpet generally short, about one 
able for this investigation. opportunity fifth the total length. Darsie 

evaluate his conclusions the this pupa more fully 


has been possible prepare identification 


key the pupae the and 
the punctor complex.Pupae hexodontus, aborigi 
nis and punctodes are for the first 
punctor and abserratus are partially redeseribed 
with the aid additional specimens and 
sternal Table shows the 
and mode the number branches occurring 


the principal pupal setae the five 
Dark-contrast phase mucro 
cop Wil used in the stud) 


ot the comple 


KEY PUPAE PUNCTOR COMPLEX 


double aboriginis 
3 11 with 2 or more branche 1-I1] usually with 4 
(double 


A VIII usuall with more than 2 branches; 1-VII 


mostly with more than 3 bran 


erally triple quadruple 
4 B IV double; MT-11 and C-V usually double 
abserratus 
punctodes 


times as long; B-IV yenerally double 
seta (8) present submedially least one side 
least basal one-twelfth unbranched hexodontus 
double to quintuple; MT generall 
double “type hexodontus 
I] mostly to 7 branched; 4-111 usually 
branched “tundra 
Sternite without submedian seta least 


one side, most with trichopore only; but 
present on bot! ie then CII] with 4 or more 


branche branched from near base 
punctor 
ometimes triple quadruple 
“type var 
‘tundr 


AND DISCUSSIONS 
Aedes (Ochlerotatus) punctor 


The definition the punctor pupa was first 
outhned Clavero (1946) key character: 
were A VIII moderately branched: seta B 
bifureate, large seta large and simple; and the 
respiratory trumpet with low-cut border (pinna) 
His Spanish material does not agree with 


original New York and Saskatchewan 
and additional pupae, 
from Alaska, have been more compl tely studied 
Besides extending the range number branche: 
many setae, the following changes the 
original description have been noted 

usually pedunculate (Fig. 7); respiratory trumpet 
with total length 0.49 0.72 mm., averaging 
5.88 times long pinna and 4.48 times 
/ with ato 7 bran he: On Bs ingle or doubl 
double, generally quadruple quintuple. 
mostly double. B-V// usually unbranched. 
short, pedunculate, mostly with branch 
quadruple present submedially least 
mostly unbranched seta percent the 
pecimens examined; 
this seta remains as a tru hopore , in the center of 
which dark spot, sometimes slightly pro 
truding; and percent, completely absent 
1.32 1.91, average 1.57 
Additional pupae studicd were ALASKA » 

Fairbanks; and from Glenn Highwa 
from 174); from Livengood Road 
and from Richardson Highway, 172 

from Anchorage Alaska 
CANADA from Prince George, 
British Columbia Dyar) USA 
from Dublin, New Hampshire (A. Busck) 
Discussion: The existence two forms within 
the punctor species has been suggested Knight 
(1951) named them and 


percent, vestige 


female characters were shown to possess dit 
Frohne (1955a) substantiated Knight’ 


larval characters for the variety 
study specimens from Naknek, Alaska, and 
1955b) 


| 
‘| 
j 
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Carpenter and LaCasse (1955) 
both recognize that the “type 
that the female not distinct from 
but they differ separation 
females the varieties and 
hexodontus Knight states that they are gener 
ally distinct. The only character available for 
this eparation 1S the few to many scattered pale 
scales anteriorly on the mid femur in “tundra” 
hexodontus, and few pale scales 
Carpenter and LaCasse evidently con 
these two varieties indistinguishable. Beckel 
(1954) separates the females and 
hexodontus (sensus latus) the basis scalation 
abdominal sternites, and bases costa and 
radiu The male genitalia punctor appar 
ently distinct from abserratus and punctodes, but 
not from aboriginis and hexodontus 

Knight believes that the larva punctor (s. 1.) 
distinguishable from (s. and all 
other members the complex. Additional 
larval characters are given Vockeroth (1954b) 

exhaustive study pupal characters 
and hexodontus Nevertheless, by the use of the 
presence or absence ol submedian seta S. on 
separation has been achieved In all of the 
punctor studied, which have well 
hexodontus pupae which not present 
least one side : (-III is double or triple and most 
ba al one twelfth 

Specimens were available from Alaska, 
serve examples the variet 
and compare with the remainder the punctor 
pupae (“type the basis 
this relatively small sample, separation 
percent and C-IV, single; the 
percent double quadruple. Furthermore, 
pupac, while branched from near base 
percent “type specimen 


Aedes hexodontus 


setae long, usually 
double; prothoracic seta short, others 


mostly 2 to 4-branched mesothoracic setae 


long, generally pedunculate with basal one-fourth 
double quadruple, single double; meta 
long, and pedunculate, 


thoraci 


ong 


Respiratory 


ny in 


reticulate witl 


7 ) bor | | | 4 
face tracheoid patch; tota 
3 length 0.56 to 0.76 mm averaging O44 time { 
long pinna, and 3.71 times long greatest 
liameter 
4 
+ 
t 
4 \ 
\ 
1-2 lrumpet metathorax Ie 


and long, single double; ver and VII, very long and stout 


dichotomously subdivided, usually with pupae studied; medium long 
bifid on III-IV, imple on V-VII E on VI 
VII; usuall with 3 to 5 branche on II-III, 
single, rarely double and VII, 
} to 7-branched on III, to 5-branched on V, 
5 to 4-branched on IV and VI on I] long, 
medium long generally with 
the seta represented containing 
length, single, rarely double; index 1.25 1.74, 
at \ 4 from Valdez-Fairbank Highway, MP 23 
Richardson Highway, 131 and 
from Glenn Highway, from Anchor 
ape (all from Alaska Mosq Proy.) (CANADA 
and from Prince Rupert, British 
Fallen Leaf Lake, Lake , California (HI. G 
Dyar); from Grand Lake, Colorado 
(5 1) ar) 
Knight (1951). and Carpenter and 
and metathorax and abdomen (1955) point out that the male hexo 
Dorsal right and ventral lett 
from Ringwood, New York), 200x For separation the female variet 


ot 
&£ 
de 
| 
i 
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hexodontus trom punctor, see discussion perfect absent; and short, 

LaCasse also disagree the differentiation mostly double triple, triple 
“type variety and abserratus; Car- very long, minute, simple, postero 
penter and LaCasse distinguish them the well developed, 
the patch white scales the costa, double VII tout, long 
the former and absent the latter. with branches VIII 
apparently considers these characters long, single, seldom 
for their separation. They concur 
punctodes and hexodontus females 


indistinguishable. Additional differences between 

females punctor and hexodontus are indicated 

by Beckel (1954) / 

The larva has been detined Knight 

tinetive; addition, has differentiated the 
from the “type 

The latter separation has been supported parti 

added two good larval character: 

distinguish punctor and hexodontus. also 


included information adult 
The hexodontus pupa the least 
comple There more intergradation 
the ranges its setal branching and those the 

other pupae the complex than any the 
other members this group. The character 


used distinguish the pupa fron 
punctor are cnumerated the discussion the 


latter species and the accompanying key 
The pupae trom Alaska 
representing the are distinct 
from the variety, which 
cludes all other pupae this species listed above 
The degree separation appears 
have MT 1] 100 percent ingle, I] SO) 
than 5 branches: wherea: “type hexodontus’’ 
pupae have percent double, 3-11 
percent single triple, and percent with 
Aedes (Ochlerotatus) aboriginis 
ingle double, long; prothoracic seta short, 
others long, mostly bifid trifid; 
and 
Respiratory trumpet 1). Constricted 
base, increasing diameter gradually toward 
apex; apex slightly emarginate; surface reticulate 
from 0.7 mm. long; total length 
5.34 times length pinna, and 3.28 times that 
Lede hexodontu 1) ‘ 4-8 fro 


dorsum only rarely well developed, usually Cephalotho 
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long and VII, very long, stout 
long II-VI, medium VII 
branched Ol Vil long On short Or) 
medium long VI-VII, peduncu 
ate when branched; single and VII, gen 
niall tow brane hed On I] and IV, s le 
terna respectively. short medium, 
triple short, ordinarily quadrifid 
denticles one-third, not reaching 
apex, seta single, double; index 
average 1.60 


British Columbia, Canada Dyar) 
(1951) and Carpenter and 

LaCasse (1955) report that aboriginis 


are indistinguishable from abserratus and 
punctor, and males aboriginis, trom 
punctor and indicates that 
the larvae are quite also, Frohne (1955b) 
has defined aboriginis larvae the basis the 


spine the pupal stage, this 


from abserratus and punctodes 
double triple the former and simple 
lattes two; also C Il is mostly 5— to S branched 


Aedes (Ochlerotatus) punctodes 


ingle triple; prothoracic seta medium, other 
trifid; mesothoracic setae long, pedunculate, 


usually with branches, simple; meta 
thoracic setae long, sometimes plu 
mose, generally single, and double 


toward apex, emarginate ape 
urface reticulate with thin tracheoid pat h near 


base total length trom O 14 to 6.45 mm averay 


ing 6.02 times long pinna, 3.68 times long 


greatest diameter 

imple; and long, usually double; long, 
averaging times long single; and 
branche minute, simple, postero 
lateral II-VI; rather stout, 
seldom double triple VII; stout, long, some 
long III and VII, very long gen 
erally double triple single double 
almost always single medium 
II, double III, single, seldom double 
the pupae studied, long 
usually bifid III, single bifid 
VI. very long II, short medium 
long VII; single, sometimes double 
and VII, generally with branches ITI 
long on V-VII; ordinarily with 4 to 6 branche 
imple, medioanterior and 
terna respectively. short medium, 
specimens examined; small, simple, 
rarely double on II] VII 

one-third, midrib not reaching apex; seta 
medium, simple; index average 1.56 

The de cTription is based on 10 ? and 4 
Iron Anchorage, Alaska (Ala ka Mo | Proj 
from Eklutna, Alaska (Alaska 
Mosq. Proj.) 

(1951) and Carpenter and 
LaCasse (1955) hold that the male punctodes 
inseparable from abserratus, and the female 
not distinct from the 
punctor and hexodontus The larva been 
larval saddle Frohne (1955b) was able 
distinguish punctodes the form 
punctor and hexodontus 

The pupa punctodes distinct from the 
pupae the complex Its most 
are the single B-IV and the about long 


abdominal segment the keys, punctodes 
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Walker) 
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America 
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Che correct the becat abser 
Tine origi i] material and five additional 
description have been 
trumpet with total length 0.56 
md a long a greatest diameter 
louble with branche ( | / Imp! 
edium, mostly bifid trifid: absent II, 
4 or 3 branched on VII present on I] 


litional pupae examined were 
from Ringwood, Dryden, New York (RFD) and 
from Dublin, New Hampshire (A. Busck 
Knight (1951) and 
Carp nter and LaCasse (1955), the mal genitalia 
abserratus are indistinguishable from those 
punctodes. From information given Knight, 
the female abserratus inseparable from 


distinct from both varieties 
discussion under comment 


about the female abserratus, one 
with the fine reddish-brown median 
the female alway 
This partially confirmed Vockeroth (1954b) 
hexodontus 
There appears little difficulty separat 
abserratus from the other 
punctor complex the pupal stage. 
A-VIII are the most distinctive 


IDENTIFICATION OF KNOWN NEARCTIE 
AK DES PUPAI 


1951, the author hed for the 
the species from the North 
eastern United States, all Nearcti pupae knowt 
at that time were 1m orporated (E Kception: ‘dor 
salis (Meig.), mitchellae (Dyar) and 
her identification did the 
modern concept chaetotaxy, nor were 
mens these species available for 
that time, even more ledes pupae have been 
and pionips Dyar, by Darsie (1955); and aborig 
inis, hexodontus herein. 


(1952) described decticus pseudodiantaeus, which 
ub Cue ntly wa nonymized b Carp nter and 
LaCasse (1955) These have been incor 
porated the key, bringing the total 
Certain aspects the original key were 
Orie Couplet 1:3 wa ‘ peciall weak and it 


has been eliminated such the 


pupa canadensis was surprisingly 
ad tingul h from some of the black-legged ede 
other stage 

Smith (1952) placed decticus correct] in the 
pupal however diantaeus does not 
couplet examined the author have 
had long, considerably 
one-half the length the following and 
key, runs through couplets and 
and distinguish from the sub 


aegypti 


too S bor 
atropalpus 


lord of 


ile 


trivittatus 


‘ 


{ 


its pint taeniorhynchus Wied 
lly 2- to Il 1; MT 10 yvenerall 
2 brat et more 


reduce 

e lenyt if ! \ 

le 

lf the lenyt ter 1 \ 

ble rtr ‘ 

ment | abse 2-1] t ter 


© triple decticus Ilo 


louble 
never Vi 
re by \ I] 
i 
lo 
( \ ‘ 
met 1-I\ 
r ( | 
IT 10 
eT { Vi 


triseriatus | 


1 Dyar & 


cinereus 


‘ 


KEY KNOWN NEARCTIC AEDI PUPAI 
| A-II-VI well deve 1, rat r stout: CT—6 lor 
tout; 4-1V eldom 
branche 
2 B-VII small, 1 tod br ed: respirator 
trumpet veneral for f in it 
Its pint 
Paddle ler than lor pex 
margin smooth; wit 
branche 
witl 
( 
to 
tine i lor { | 
) 1 
4 
loubl 
or me eral double to 
trir. ‘ ed 
10 Lines of mo 
Lines of t 
) by ed 
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B-1IV d 1O vere 
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C-VII seldom with less than branche 25. B-IV and almost alwa double; 
double; triple usually double triple intrudens 
excrucians B-IV and A-VII almost ingle; 
single, seldom double; triple single punctodes Dyar (p. 
yenerally triple; paddle margin most moot canadensis 


following least basal one-twelfth unbranched 
double lruple; longer thas ternite without ubmedian seta (8) 
communis least one side, most with trichopore only 
| e: J lonyver t present, 1f seta o ot then C-III with 
with more branches; setae and near base punctor (Kirby) 
bdominal seyment VII ibequ lat lenyth 


yenerally one and one-half times more Beckel, 1954. The identification adult female 
than VII Aedes mosquitoes (Diptera, Culicidae) the black 


double; paddle index divided width) Canadian Jour. Zool, 324-30 
1.35 smaller Stanley J., and Walter LaCasse. 
ingle double: Mosquitoes North America (North Mexico) 
e: paddle inde ener 1.4 or larger 19 serkele Calif., Uni California Press, 360 p 


stricticus Hig. Publ. 1-28 
louble to quadruple pionips mosquit the Nor if 
5 expt. St Mem. 304, 67 p 
sollicitans 


tion abdominal tergum lines 


\-VITI Wyt n Genera Insect Fase 194, 258 p 
bine I present ot | ore Frohne, Ww. C. Funds Mosq ul NAKTICK, 
F 
single eldom double; 4-111 usuall ingle to ani 


Knight, Kenneth 1951. The Aedes (Ochlerotatus) 


double aboriginis 
3-11 with 2 or more brat ‘ 1-11] usually with 4 


r more } 1 9 

triple; 6 VIL general ingle or double 22 Ne York, G. P. Putnan or 281 p 
usually with more than branches: Smith, Marion 1952. new northern Aedes 
quito, with notes its close all diantaeu 


H. D. & K. (Dipter Cuheidae) Bull. Brookly1 


ere Note on northern spect of 


erally triple quadruple 


Lede Ww le riptions of two new speci (Dipter 


Canadian Ent. 109-16 


I about a ony a ro1; BOLV single 2 Lede pecies of Northern Canad wit + ke to the 
! distinctly longer than T-1, mostly 1.5 to 2 time femal (Diptera, Culicidae). Canadian Ent. &6 


long; B-IV doubl 241-55 
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BIOLOGY DIPOGON SAYI BANKS (HYMENOPTERA, POMPILIDAE) 
TRAP-NESTS WISCONSIN 


MEDLER 


research primarily Megachilidae were found 
Apparently little has been added 


literature on this speer ince the Peckham 


cali plerus Say) follows was the fifth 
August that saw this good sized, dark 
wasp, walking and down fence post. 


scrutin howed. that he Wa carrying 
lets from the ground into hole four 


Icet above, in the wood, and very odd she looked, 
making this journey again and again 


Upon cutting awa 


the post found that she was just partitioning 


ott the 


second apartment what was 
Both cells contained 
Vyslicus ferox, that 
the inner one being twice large the 
and each spider had egg the side the 
abdomen. The large one was dead, the 
other responded feebly stimulation 
this state for four One the eggs, 
one that had just been laid when opened 
nest, hatched at the end of sixt hours, but the 
larva did not 

The trap-nest technique has enabled 
accumulate considerable data which otherwise 
would be available rarely through the chance 
observations field naturalist Although 
dental the major objectives the trap-nest 


female spider of the spect 


research, seems appropriate this 
report upon the nesting habits 


Wisconsin 


METHOD 


The research was conducted with the types 
trap nest at cribed b Medler and I? e (1956) 


The domicile-types were used mostly the Ash 


land Branch Experiment Station 
localities were added addition 


ociate Professor, Departments 
Entomology | ersit of Wisco | rh 
ted part the Resear Con 
‘ 
‘ 1057 the t 
? ‘ ‘ ‘ 


everal S-inch sumac the sott 
pith which had been cleared with 
Also, tl Decl read utilized bam 
boo stems when bundles such 
tested 1952, providing the inside diameter 
a bamboo section wa approxin itely 6 mm 

The trap-nests were placed 
field station in earl pring and peeted evera 
finished nests were identified plugs, 
and nests were certained probing 
with straw These stems were removed trom 
bundle code number, and 


brought back to the 


each nest sketch the nest and the record 
relating were entered the data sheet 
man MISlLaANce the content of a cell wa triu 

temperature studi some instances the 
collections necessitated capping stem with 
gla and merely holding tor the emergence 
ind the construction the nest studied, but 
exact adults with cells 


est CO isted ot eparated ly 
ind closed plug wide variet 
Ol Organ i d ] bu iterial Vil 

che mo piece ! ive 

ind sand gra hich ranged 

het ) } ] d 

cemented 


| 
F 
littl 
peu 
i 
bye made 
in 
However, plug with loose 
1 
a 


estibule varying The vestibular plug spin webs, but pounce upon their prey from 
was frequentl but not alwa the nature, the female wasp 
cking ome nest een running swiftly over the ground and vegeta 
had the appearance tion making short, darting flights close 
possible that the wasp did not complete Presumably she searching for 
plugging activity our removal these time 
the nest, but analysis data all nests with each cell was provisioned with 
out the vestibule and orifice plug were considered ingle intact spider. creamy white egg about 
unfinished nest never observed long was glued the anterior portion 
having plug placed the inner end the side the spider’s abdomen. The 
prior provisioning the first cell hatched larva began feeding the site where the 
The nests obtained our collections had was attached. Under the microscope 
rather wide diversity construction. observe internal organs 
detailed records selected nests are moving through the digestive tract 
which show the found the number transparent larva 
length cell equence sexe mor the larva developed became cloudy gra 
talit and parasitism. The number cells and neared maturity numerous 
nests the first generation was granular bodies were seen under the still 
| 47 1 6 in 1O7 finished ol the pare nt cuticl The larva remained attached 
(overwintering) its posterior end the abdomen the 
range number cells all fimshed until about half grown. During this time 
nests were 4.1 range ment the spider the place where feeding 
pereent the nests the sumac started. Upon reaching the 
bundles were constructed holes having growth the larva began chew rather than 
diameter, indicating uck its food. abdomen the spider 
that size over the holes which was consumed first, followed the cephalo 
were available the same bundle. Although thorax. legs were last, but 
the preferred size hole for nesting probably were left the spider was large. The 
the species will smaller holes, spiders differed and 
two nests found nature were equence the different amounts food 
stems with inside diameters the mature larva varied from 
The nests sayt were provisioned exclu length. cocooning the 
pider remains sampled from nests were show the development from egg 
a follow : larva 
rounded at both end and omewhat Lape red 
larva. Upon completion the cocoon the larva 
capulata passed meconium which soaked 
ALTICIDAL firmly to the plug of the cell, or occasionally the 
it Phidippus whitmanu Peckham wall of the cell 
the prepupal stage the 
Waleke and Wii di Lin ie nited During the ear] 
Tmarus angulatus (Walekenaer ummer generation only one or two day clap ed 
before pupation. Larva maturing later the 
The adult wasp emerged from the 
pellax O. P. Cambridge MeCTs rom 
chewing irregular hole near the end 
the cocoon 
All ol the pider ampled WCTe adult DI The head width of adult reared wasp were 
the being measured and with cell length Data 
pecies the genus These 
piders are fairly abundant the ground 
trees and fallen logs wooded areas. They EXPLANATION FIGURES 1-6 
Developmental stages Dipogon sayt abdomen 
The riter h to expre their sincere appreciation pider host Enlarged about time Pic. 1 Evy 
Dr. for his helpful determination the 3,4 Young larvae 5,6 Nearly mature 
pider 
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TABLE 


NUMBER 


No 
(sener 
illo 
| St(w) 
2 12% 
20% 124 129 
12P i4* 12P 
10 119 ING 15S 129 2) 
(Gener 
ition 
7 7% 6 
14 li t(w 


lengths individual cells and outer plug 


CONSTRUCTION 


are given in millimeters, and the sex of 1 


and asterisk (*) shows improvisioned cell other than the vestibular cell 


ind ¢t indicates that the wasp (w 


TABLE 


) died during rearing or the cell contained a dead spider ( 


PECIMENS 


Standard 

Mean Deviation 
52 fernmale 17-26 21.6 24 
35 male 12-18 15 0 #1 44 


Table show that female wasps were larger 
than males, but that occasionally males were 


OUTER 
PLUG PLUG 
105 
nore none 72 
7 35 20 
3 15 
118 
none none none 
13 20 9 
4 SD 7 
none none none 


eared wasps indicated 
a paras itized cell 


CELL LENGTH 
CORRELATION (1 
Standard 
Ranye Mean Deviation 
1-37 36 #5 76 O67 n 
obtain some data life history 


rearings constant 15° and 


27° 


large small female: 


female wasps averaged 


The 


larger 


cells 
than 


cells) with 


male Wasps However, considerable vaniation in 
length cell was encountered nests 
Species, and no correlation between head widths 
males females with individual cells was shown 

Since the mother wasp provided 
the average and was fast builder, she 
ordinarily finished the nest day: Also, 
the life eyele of her progency during the larval 
instars was only about one week, so that most 


Under field conditions the egg hatched about 
days and the larva was ready spin its cocoon 
exactly determining the number molts 
larval cycle, but believe that five instars 
present. The time from egg hatch completion 
the summer generation approximately day: 
were required for the pupal stage 


at 27" 


the larval stage being completed 


nests contained cocoons when opened 


Howe, CT, 


among the large series nests few were found 
that contained young larvae, this enabled 


days, and the pupal stage 
days were required for the larval 
stage, and none pupated 


‘ 

= | 


Medler and Koerber: 


There was some competition between 
and megachiled 
nesting provided. 
wasps superseded eumenid nest 
and megachiled nest six time 
nest was found top six 
whereas nest above 
known how the 
compete with one another 
limited nesting holes were available, but the fact 
that mixed were found when 
holes were available would suggest that 
competition for nest sites nature 
The full grown larva the 
overwintered its Cocoons 
obtained from nests opened the 
were held constant 4.5° temperature 
order determine the cold treatment required 
diapause Random samples 
were removed intervals and held 25° for 
rearing. Data given Table show that 


TABLE III 


26° AFTER DIAPAUSING 
5° C. ror Various Days 


Sayl, 


the 


for 


wasps, 


he sles 


would 
when only 


ol 
Wa 
Various species 


Ol 


not 


strong 


second generation 


CocooT) 11) diapausk 


COCOOIS 


REARING 


NUMBER 

LARVAE 
REARED 
QUENTLY AT 25° C 


NUMBER ADULTS 
SUBSEQUENTLY 
REARED 25° 


Days 
LARVAE HELD 


Potal 


merye d 


‘The experiments were 
April all cocoons with 
Most ed larvae that 
experiment was terminated June 


remained 
Is 


contau 


were reared after days cold 
that better results were obtained 
However, about 


and future experiment 


few adult wasps 
treatment, but 
after day: 
the larvae did not pupate, 
should made wider temperature 
and for different time periods 
more about consistently breaking the diapause 
the larva. Also, our data approxin 
prior cold history the 
the field was known. More information 
cold treatments would useful 
better procedure for rearing the overwintering 
larvae the laborator 

The mature larvae and pupae sayi wer 
Ashm The larvae fed exte 
their host such numbers that 
hell shriveled mummy 
examples where the 
sumed, 
produced sin 
particularly 


1 order to le: 


are lation 


COCOOT! 1 


not 


gle 


troublesom 


of Dipogon Savi Trap 


the adult 
through the 
placing 
wide-mouth 

tory, 
number cells which 
abl than a ver 
the nests nature 


t that wa ittacked 


boring 
controlled by 


need 
accurate 
parasitized 


data 
but 


tro 


more mall perce 
dl, 


bn ae 


para 
Major 


each 


SUMMARY 


tudied during the 


obtained almost entirely 
which had beet 


period 
with inch hol 
twenty localities 

Considerable v: 
encountered 


amony cell 


Was 
pattern in 
exes 
t10n nest ( ted of 


OMS) 


tion nest about five 
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Wwcre 
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pict 


nine genera 
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A detailed exar 
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nter vial 
lestation We're 
vials 
Cap Becau 
he 
We 
stent 
the average, first genera 
‘ three cell , second genera 
"1 
Cell ith 
) j bu 
30) 
33 28 
35 3 2 Q3Q cell 
4 
to mall 
wasps were opened ult were parasitized 
live until the 
rearing 
nature, the life history the 
econd generation, wasps overwintered full 
a 
| di tpau ( but au 1] da 
nt was more effective 
competed 
bees for site 
ayi superseded the other 
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SPECIFICITY THE RESPONSE FEMALE TREE CRICKETS (ORTHOPTERA, 


GRYLLIDAE, OECANTHINAE) 


INTRODUCTION 


ound producing and receiving organ Among 
these species are many which produce sounds loud 


enough noticed man and which 


them continuously for many hours each 
during their live late summer 
habitats the eastern United 
tates, there are twenty more species stridulat 
the same time, and the 
pite the loudness the chorus and the fact 
that many the chorusers are 


little known about the biological 
sound production insect 

teristic the males many species Orthoptera 
These males ing from the 
that the ound attract females and result im 
copulation 
hypothesis that the sounds 


sound production 


pacing 


the songs orthopteran males cause 
females approach, supposition that 
the sound of the male of one pecies attract the 
that particular species those 
That this the case supported 
considerable amount evidence 
Alexander (1957) has discussed this evidence 
detail, First, man 
different the same time the 


] 
follow 


the ( ound hie night ZO everal mal 
each many before she chanced upon 
one her own This would have doubt 
ful urvival value Second thi ong of each 
peck is charactenstic of that speck and dit 


ferent from those of all others in the same habitat 


Part ot dissertation ubmitted to Ohio tate 
University partial fulfillment the requirements 
the cle yree ol Doctor of pl ilo oph Pha nvestipationr 

upported grant from the Graduate School 


Accepted for publeation April 206, 1957 


Grateful acknowledgment 1 yiven to Donald | 
Borror vho helpful idvice ind construct e criti 
mi in sd stage of the ork repo ted here 1 to 


Richard Alexander, whose and 


concerning 4 ect cCoustic turted me on thi projec 


nd pro oked many new lines of thought 


CALLING SONGS THE MALES 


This generalization holds even for species that 
are 0 closely related a to be difficult to di 


+ 


evidence that the males certain 
respond sounds produced their 
own sort and not those other several 
alternate their songs with 
the songs others the same species (Fulton 
1934) even though many specics may singing 


the habitat Males some species group 
their songs that there are periods silence for 
that species followed periods which 
males sing close succession. 
occurs among males, likely that 


among female: 


PREVIOUS WORK ON THE BEHAVIORAL EFFECTS Ol 
ORTHOPTE RAN SOUNDS 


ance Orthopteran ounds cant Probabl 
the work was Regen (1914), who 
demonstrated that the female 
Gryllus campestris was attracted the sound 


the Regen controlled the 
olfaction and vision transmitting the sound 
the male through The femal 
moved toward the sound emitting the 
and van Oven found 


ephippiger were attracted 
concealed singing males but not males that had 
(1951) studied the acoustical behavior 
pecies varied their responses the songs 
other pecies The male OF most spec would 
alternation with males other 
but alternation between male and female 
more intra-specific phenomenon 

With the advent modern tape recording and 
high fidelity reproduction sound, new 
were created for experiments dealing with the 
acoustical behavior Haskell (1953 


played transcribed songs the males 
Gryllus domesticus females that 
species states that the 
activity, while the “courtship 


of behavior 


Special recognition due George Potor, Jr., Division 
Biop ics, Ohio State Universit Busnel and Busnel (1954) used modern equip 
ontributed his time and skill ment demonstrate attraction the femal 
Ty Edward iD ld the calling song of the mal In their « 
R. Meyer tor revi y the manuseript ment the either pi ked up the ound ot 


if 
the mal 
| 
: 
i 
+ 
bins 
rye. 
4 


‘alker: 


Res ponse of kematle 


singing male and tran 


testin With appropriate high micro 
phone, amplifier, and spe aker or play ed a record 


ny ot the natural 


mitted the 


song to the female 
and Dumortier (1954), 
bitterensis Chopard, showed that the 
attracted to the | 

also to artificial 


female was not only song 


male but signals such 


from Galton whistle, certain bird calls, pure 
and square signal 


demonstrated that induce response, 
sudden change intensity) 

Busnel, Busnel, and Dumortier (1956) experi 
mented with the pecitheity ol the song ol 


that mal 


ounds of male 


species The found 
Ol Cac h peci TY ponded to the 


the other species singing regular alterna 


tion changing the song rhythm. 
that none of these five peer oceul 
together nature but were brought together 
for the purpose the 


ments with and 
piger, 
pronounced response the 


than the song 


ephip 


Tore 


female ol 


| 
ong Of a male oO 


a male of billerensi 


This relationship was not entirely matter 
response the song highest intensity, nor 
the response the same nature the 
han the minimum intensity whicl 
artificial sounds were effective However, since 


do not occur together naturally, thes 
experiment: the hypothesis that 
sound factor among 
Busnel and Loher (1954) studied 

behavior three acridid 
Fisch., brunneus Thbg. Charp.), and 
They found that artificial signal 


higher intensity than the normal song woul 


these spec 
do not 
pe C1 


14 


acou | 


induce responses these the 
responses natural sounds, alternation 
ong and, biguttulus, phonotaxis the part 
the Busnel, Loher, and Pasquinelly (1954 
howed that for these species transient 
essential part artificial signal 
Loher (1957) gives complete account 
work with these species. states that 
greater specificity the phono-responses 


unpublished 


1955, 1957, 

and claims that male and female react 
exclusively the song conspecific 
the and releasing effect 


SINGING BEHAVIOR OF EASTERN TREE CRICKET 


The tree Oececanthinae ( ter! 


work with 


Chorthippus jucundus 


Tree Cri kets lo SONGS of Vale 
my 1 the ime habitat the ine tin 

tree the ike notice 

dicular the the bod right 
overlaps the Near the the 
teymet! ind on it entra ul ( i r called 
the file, which bears teeth the 
inside edge of tl cl \ i harp heavi 
wings are moved mesad, the engages the 
mie ibra ( ( iby ile W he th 
wings are returned the 
file and ( rage ind 1 und 1 
produced Wher the ‘ the ire 
rather pure pitel 

Male tree crickets mds 
duced males which are not contact 
produced under termed 
when the ith 
female of peck Phe tunet is ot these 1 ) 
but the i u od te the 
tf the meta iid the male 

On W be diset cd th 
papel 

United States are the 
pulse sequence divided 

pulse sequence thout 
referred continuous trill 
Beautenmuller, nigricornis Wall 
aussure The last 

issed iric tie (J) pigricorini 

econd 
hroken 


natural 
ay 
4 
¢ 
: 
ACA 
er two pect Perdeck 
different 


Annals Society America Vol. 
and Neoxabea bipunctata species the songs become lower pitch 
uniform bursts with uniform interval Thi teristic for species temperature, and 
calling song called regular chirp and the range from 1700 5200 cycles per second 
found one species tree cricket, light, and air currents not affect 
niveus (DeGeer) the pulse rate the chirp rate tree crickets 
the song characteristic for cach speci The habitat which each species ordinarily 
change temperature, there found indicated figure Species occurring 
shows the effect temperature upon the pulse different pulse rate nigricornis and 
ade. 
rom the anal over SOO recordings made 
the field and under controlled conditions the 
itor Most thie recording Were 
CONTINUOUS 
QUADRIPUNCTATUS 
/ 
y 
‘ § ¢ 
4 a” 
o 
4 A. « 
“ « 
Oo? o6 oe 
TIME SECONDS KEY 
CONTINUOUS TR 
4 BROKEN TRILL 
| 1) ran d udiospectroyrat of the 20 REGULAR CHIRP 
three tv of ] ) Note t the udio . 
pulse ‘ 65 70 75 60 85 
DEGREES FAHRENHEIT 
but recordings made Effect temperature upon pulse rate 
ceptling New England) tall ito the ame patter! 
The temperature each species mixed large numbers certain habitats 
linear, and there onl individual varia Ohio and Indiana, and the pulse rates 
tion about the regression lines addition ongs are widely divergent and not overlap 
regular change pulse rate with temperature, some the same habitats argentinus also 
rite Sane chirp rate 1s easily determined b from the other two pec QO. argentinus has two 
the chirps time, renerations each summer contrast the one 
listening cricket thi and thi The first generation adults argentinus 
characteristic has earned the title the appears early August the time 


| 
J 
| 
eae 
‘ai 
te 
aa 
ae 
| 


Walker Res ponse 


September, and from then until frost adult 
may occur the san 
habitat ise the song 
never overlaps with that nor 


MATERIAI AND METHOD 


with that song illustrated figure 
Howeve r, recent work with Ohio pecimen which 
are nigricornis the basis 
demonstrated that two song forms occur, 
figure the other has slower song which 


When the calling son; individuals wer 
recorded under carefully controlled temperature natural soun 

ingers. intermediate-type songs 

corded, and each produced only one 
the two classes of song The males of the two PULSES /SECOND 
ong forms could ordinarily separated 
the basis the number teeth 


morphology biology, have been foun ARTIFICIAL CONTINUOUS 


44% PULSES (SECOND 


AUDIO OSCILLATOR AUDIO OSCILLATOR 


PITCH SONG PULSE RATE 


J OECANTHUS NIVEUS 7 


SECON 


BIAS 


ARTIFICIAL PULSED CHIRP 
26 GHRPS / SECOND 46% PULSES / SECOND 


OUTPUT 
CHIRP RATE, DURATION, TAPE RECORDED 


AND INTERVAL 
ARTIFICIAL PULSELESS CHIRP 
26 CHRPS / SECOND 


female the experiments 
paper from field which the 
largely fast singers, and a check of the 
individual femal howed 
f the femal re ponded to the 


Whether ther 


ower 


interesting generalizatior 


habitat, song type, and singing perio 


ern tree cricket The welling fort 
ing during both 
The three pentode operating 4000 (or 


Cul 


along woodland 
+} ] or} ] 
he purse Ta 
temperatu 


brol 


ound ised est ( Were We 
origin natural and Both types were 
i first recorded on n metic tape and then pla ed 
back the test under laboratory 
natural sounds were calling songs 
tree crickets usually recorded the laborator 
af i i 
T 2 
oz o¢ oe io 
thi Time SECONDS 
wert 
hig. 4 Audiospe rat compat tural | 
OwWeT na j rt 
ong rather than the faster one 
are females which respond the America either case dynamic micro 
ol east 
ing al 
a ing 
night 


chirps variable and duration. one inch from the microphone. Thereafter, 
ess could produced cutting out the ounds tested were adjusted give that 
udio Figure ime reading with the microphone one inch from 
audiospectrograms artificial tree the speaker. Later the Magnemite was calibrated 
compared with genuine with General Radio Company Type 1551-A 
From the tape recordings the signals ound-level meter. one inch from the 
tested, loops were made the ends the speaker the maximum intensity was 
cases recordings regular chirps care mute sound-level meter vary with the voltage 
taken the tape interval between its batteries, some variation from this 
chirps and such manner maintain must have occurred during the several months 
unbroken chirp rhythm. The uniformity tests. However, this Magnemite was seldom 
ntervals between chirp was checked b making used except a a“ ound-level indicator, o the 
audiospectrograms with Kay Compan should not have been great. 
Vibralyzer (Borror and Reese, give rate, for the tests carried out any one night 
ummary the use this machine sound consecutive nights, the intensities were well 

analysis). loop tape made this manner, tandardized 


threaded into the Magnecorder and pa ed Ovel The tree ericket to be tested Were contined ma 
reel hown figure could played cage (figs. and with inside dimensions 


continuously for long experiment required sides, bottom, and ends were made 


END DISTANT 


FROM 
SPEAKER 
STARTING ZONE 
SPEAKER AT 
THIS END 
female tree crickets to recordings of artificial and natural Fic. 6 Diagram of cage howing zones used in re 
ound and speaker are the foreground cording the positions the cricket finely dashed 
behind them the tape recorder wit} loop ob tape line ndicate the boundaries of the zones, and the figure 
pl a 1) the rious zones represent the scoring tem 
each loop Wil marked to indicate the direction h pla creecning The top consi ted 
n Which at hould be pla ed and wa tored o1 three closely fitting panes ol glass with the middk 
Wi led Cl) Clap The original loop par remova The Cape Wi tructed So) 


+ 


epartment the supporting members were 


free from obstruction The acoustical 
The speaker used tests was the cage were far ideal, since standing 
Jensen crossover network with ohm gradient from the speaker The result 
resistor taking care the low-pass The the tests indicate that the crickets were 
intensity of the sound emitting from the peaker theless able to onent to the ound source ly 
tandardized for each set with future work improved design should 
the \ meter of a Magnemite GIOEV tape used 
corder Corporation America) The these experiments were virgin 
standard was that reading produced obtained rearing female 


oe 
ii: 
Ha 


1957] 


were used becaus 
sound 


e they had no previous experience 


and because the 


responding wert 
more likely sexually receptive All cricket 
used were from Franklin County, Ohio 

For series experiments the signals 


tested wert elected, and two or three re pleat 


were set with the treatments randomized 
each. the beginning each treatment ten 


virgin females the test species were placed 
the the darkened 
room which the temperature was held 
Previously the had 
marked with dots colored the 
pronota that individuals could recognized 
The speaker was placed the center one end 
the with the forward edge the 
one inch from the screening (fig. From treat 
treatment the end which the speaker 
placed was randomized. The signal 
for ten minutes. the end 
period flashlight was used 
positions the crickets the seven 


constant 
be | 
Cape 


ment 


Wa 


to 


pect 


arbitary zones indicated figure cricket 
was the line between two zones, 
was considered the zone farther 


tarting 


tarting zone. After 
corded, the crickets were returned to the 
position, and the next signal was played 
The results of the tests evaluated in two 
coring and chi 
involved 
ven Cage used recording the 
position the crickets values 
With this random movement the 
the crickets 


quare analysi tem 
giving the 


part ot expected Lo P1Vve 


maximum positive 


response for ten crickets would produce 
about +25 and negative 
response would expected yield score 


maximum score estimated 
instead 30, crickets would 
remain within four-inch diameter circle; never 
more than five observed within the circle 
In the early 
zone 


the cri ke t 


ten not 
Wwcre 
experimentation the 
recording the 
the maximum 


Stage 
were not used 
therefore, 


and 


positio1 


cluded the tables this paper, 
multiphed 5/4 make them more com 


parable with later score 
thie 

Werte 

tatistical 


test wa 


arbitrar 
to ordinary te 
square 
For 


the starting 


coring tem 


not 
Therefore, a 
ult 


test period were cli 


COTE 

also applied to the re 
test the which were out 
end the 


i | 


Zone at the 


into two plus, they had moved the 
direction the speaker, and minus, they had 
moved away from it. the movement 


equal 
the chi 


could 


hould 
With 


observed distribution 


plus group 


minu 


non-oriented the 
number the group 


test t he 


(jl re 
juat 


Response Female 


Tree Crickets Songs Vales 


he compared with t he expected one to see i Ne 


obse rved deviated from the e 


than could account 
within certain 
] | ot 


anatVvsl Lake l ( 


square 


movement 


direction of 


not utilize all the available information and 
inferior to the cores as a basis of COMparisor 
between test It doe however, give an obre 
tive measure the significance the response 
each test 

RESULT 


Specificity Responses Natural Sounds 


The first problen Ve tigated Wi 

female tree crickets are attracted to the calling 
songs other species occurring the same 
habitat. Table shows the results experi 


with female 
two speci 


| l show 


ment 


field Table 


which weed 
the result 


Occur 
ot ¢ xperiment 


with females niveus and 
two pec which live in tree In each case i 
po itive phonotaxt by the temale to the calling 
ongs ol the male of the ann peck Wii 
demonstrated such responses were 
strated calling songs other species occurring 
the same habitat course possible that 
ome response existed, but that was too small 

demonstrated the technique 


to be 


any event there can be no doubt that femat 
tree cricket how a much” more pronounced 
POSILi Ve response to calling ongs ol their ow: 
singing the same habitat 


Basis Specificity among Producing 
Continuous Trills 


female tree calling 


pond lo thie 


ongs their own species and not similar song 

of other pecies in the same habitat, the question 

arises what the basis this specificit 

The continuous trill, the simplest type song 

studied, Wu the first to be mive tigated to deter 

mine what component was responsible for 

ferential response females different 

pec 

ducing continuous trills reveals rat 

species occurring the habitat 


len ile di eTriminatio Da ed 
certain The functioning insect 
t mpanal orgat upport this contentio 
intensity changes modulation 
long the carner frequency with the 
amplitude modulation 
The hypothe pulse rate 


631 
limit Since the chi 
account onl the 
BK 
4a 


RESPONSE SCORES AND CHI SQUARE VALUES RELATING 10 SPECIFICITY Of 
RECORDINGS TESTED 
O. quadripunctatu O. argentinus QO. nigricorni 
S600 cycle 3500 cycle ec 3700 cycle ec 
O. quadripunctatu 
females, 
Replie ite | +4 
Average + 20 +2 
O. nigricorni 
females, 75°] 
Chi Square () 25 1.20 19 59 
fic t the level 


SCORES AND VALUES RELATING SPECIFICITY 


RESPONSE IN FEMALES OF TREE DWELLING SPECIES 


RECORDINGS 
QO. niveus at 75°] O. angustipennis | O. exclamationi 
2.7 chirp at at 76°1 
niveu 
feral 75° 
Chi Square 10 70" 1 92 0 20 
exclamationi 
females, 75°] 
Repl te | 2 
Rep cate 2 +12 
Replie ite 3 | 3 +h 
{ t t the 1°) level 
component resulting specificity response different pulse rate and pitch and (2) recordings 
compheated the tact that the pulse rate artificially produced trills having different 
each species varies with rates but the same pitch. Table show 
temperatures are properly adjusted. females quadripunctatus. apparent 
| i! pul ce rate is the basi lor specihicity of response that the crickets re ponded to markedly different 
the female, the female must respond dit degrees the same signals different tempera- 
ferent pulse rates different temperature tures. there was 
test the role pulse rate the response nificant response the calling song the mal 
used (1) recording of song ot the peck ; made per econd: there wa no such re ponse to the song 


Response Female Tree Crickets Songs Males 


J 


RESPONSE SCORES AND CHI SQUARE VALUES SHOWING THE 


quadripunctatus 


70°F 
3354 pul 
3600 cyc/sec 


females, 
Aug. 1956 


Replicate l +14 
Replicate 2 +21 
Average +18 
Chi Square 

females, 

Aug. 1956 
Replicate | 4 
Replicate 2 
Average 
Chi Square 


‘Significant the level 


pulses per second. the situation was 
reversed, with the females showing response 
the last two signals but not the 
Any role pitch the specificity response 
artificial trills controlled pitch 

females, positive phonotaxis was demonstrated 
artificial trill pulses per second but 
not artificial trill 4414 pulses per second 
These pulse rates correspond those males 
temperature. This test substantiates 
portance pulse rate explaining the data for 

order determine the extent which 
females species respond different pulse 
rates given temperatures, 
females were tested 70° and with arti 
ficial varying pulse rates. Figure 
the results these tests. Each point 
the graph represents two tests (using ten 
each) Although the data are 
give smooth curve response each tem 
perature, obvious that the ability respond 
given pulse rates varies with temperature and 
that the pulse rate producing maximum response 
given temperature approximates that pro- 
duced the male the species that tem- 
perature. also evident that given 
temperature there range pulse rates 
which females species will respond 

pulse rate can single out the sole 
factor resulting specificity response 
producing continuous trills, 


ORDINGS TESTED 


80°F 


15 pul 


4200 cy 


must 
rence elements the song one species that 


be 


1s 
12 +7 
33° O11 
+12 
0) +16 


possibility the occur 


. 
+5 
da 
0 . 
45 50 55 60 65 70 75 60 65 
PULSES PER SECOND 
Fic. 7 Re ponse of Oevanthus nigricornis female t ate: 
70° and 80°F. artificial, 4000 eps continuous trills 
nifie it t | on t lower 
dicate ‘ iverage p e rate nt 
mat ‘ © te peratur 


Trill 
tS 
+19 
| 
f 


hibit repulse the females other speci (1) and 8000 
This possibility easily checked more suitable recordings 
recordings different species singing the available the time. However, work 


pulse rate (and hence different temperatures) 
whether females one species will 
all song This was done using 

ted Table The ponses the 


cormis to the ongs ol all three species 


vere nearly equal, there seems inhibi 
clement the song one species the 
another. The results tests with the 
peaker turned off are given Table illu 


relation other tests with sound, 
cores high were obtained 


Producing Broken Trilis 


Amony peck with broken trills, pulse rate 
widely, and one would suspect the 


for specificity However, another 


a positive phonotaxi in the females of thes 
ony To test the effect of this latter factor, 
broken and continuous trills their own 
continuous was produced making 
loop from recording pulse sequence 
five seconds length 

The result are shown in Table V, and it 1 
ipparent that the females ponded least 
The data of a further test shown in Table YV 
that females respond 
rate the natural song, even though the pitch 
quite different It therefore seem that the 
lactor respol ible for speciheity im species pro 
ducing broken the same species 
producing continuous trills, pulse rate 


the song there are two 
the pulse rhythm chirp 
rhythm chirp rhythm alone positive 
phonotaxis the the two are 
separable the natural song 
produced signals were used test whether one 
both were Three signal 
were played females (1) continuou 
trill pulses per second (pulse rate similar 
natural but chirp), (2) regular, pulseless 
chirp 2.8 chirps per second (chirp rate similar 
natural but pulse), regular, 
pulsed chirp pulses per second and 2.8 
chirps per The pitch was 


with other species there was indication 
role frequency differences within this 
For instance, exclamationis females responded 
well artificial trill pitched 4000 
they did the natural trill 2600 cps 
(Table IV) 

Table hows that the 
respond significantly the continuous trill but 
chirp. This indicates that chirp 
essential the response the female 
Since pulsed chirps produced 
nounced phonotaxis than pulseless 
pulse rhythm have supplementary effect 
The prime importance the chirp rhythm make 
the response quite specific, since niveus the 
only chirper with uniform rhythm its habitat 

The range chirp rates which niveus will 
respond given temperature was not deter 


mined eastern United States there 
species with similar song, there selective 
advantage narrow range response 


western United States there tree cricket with 
slower chirp, but occurs different habitat. 


DISCUSSION 


experiments demonstrate that insect 
reproductive isolation sound-producing species 
Minor differences the rhythm rate song 
may determine whether not the female 
singing species responds song. song 
Important in species isolation, it can play a mayor 
role the evolution new species. Once song 
differences have developed and become behavior 
ally significant, sibling sound-producing speci 
can live close contact with reduced chances 
species occurring the same habitat 
expected differ preater extent than charac- 
ters which not influence the maintenance 
species Most characters 
used classifying the Orthoptera are not 
related to the maintenance of re produc tiv. isola 
Many taxonomic problems concerning 
sound producing species (Fulton, Alexander, 

example the value song taxonomy 
and argentinus species distinct from nigri 
pointed out above, these three specie 
have distinctive songs, and the 
their phono-responses Other dif 
ferences, life history and morphology, exist and 
will be described in a later paper 

The study the behavioral significance 
insect-produced sounds field which has been 


| 
4 
at 
: 
: 
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RESPONSE SCORES AND CHI SQUARE VALUES SHOWING THE RESPONSE 
FEMALES THE THREE SPECIES SINGING SIMILAR 
ail 
RECORDINGS TESTED 
nigricornis O. argentinus QO. quadripunctatu 
53 pul sec pul pul ( ound 
3300 cyc/sec 3900 eye /ser 


O. nigricornts 
females, 


Replicate 2 +16 
Average +12 +14 


‘Significant at the 1% level 


RESPONSE SCORES AND CHI SQUARE VALUES SHOWING THE RESPONSE 


RECORDINGS TESTED 


O. exclamationis at 76°41 


SO pul ‘ 
oyvele ‘ 
Broken Trill Continuous Trill (continuou 
Bursts 
Interval of 4 ly 
Replicate | +16 
Replicate 2 +15 
Average +16 1s IS 
RESPONSE SCORES AND SQUARE VALUES SHOWING THE RESPONSE 
CERTAIN ARTIFICIAL AND NATURAL SOUND 
RECORDINGS TESTED 
Artificial Trill Artificial 
SOOO cycle 2.5 rp ‘ rp t 
Repli ite | +h +20 +16 
Replic ite 2 15 + 20) +20 
iy fic ‘ ‘ ‘ 
¥ 


Annals Society America Vol. 
neglected and promises interesting together can expected diverge more 
The calling songs tree crickets are very characters which are unrelated 
compared with those many other species many the morpho 


Orthoptera. some species different kinds 
ound pulses are produced, and there are gradual 
and sudden changes rhythm, rate, and intensity 


Yet the sequence and nature these 


are constant for the The significance 
the different these complex song 
hould explored. Effects songs produced 


by male in contact with other males or with 
females offer additional field for 


SUMMARY 


There circumstantial evidence that the 
sound-producing Orthoptera respond 
the songs males their own species and not 
those others; however, experimental evidence 
scant 

calling songs nine species eastern 
tree were studied and 
isist pulses almost pure pitch 
delivered uniform rate the basis the 
continuity the pulse sequences, the species 


found col 


were separated into these three groups: song 
continuous trill, song broken trill, song 
regular chirp. cach species the pulse rate 
the song varied directly with 
any given mperature the songs species com 
monly found together had different pulse rate: 
which caged virgin female: 
four species tree crickets were subjected 
recorded natural and artificial sounds 
these 
responsive females show posi 
tive phonotaxis the calling songs 
their own species but not the song: 
other species occurring the same habitat 
with continuous trills, pulse rate 
the determining factor the response the 
female the calling song. The specific pulse 
rate which the female exhibits greatest 
ponse with temperature the same 
manner does the pulse rate the song 
the 
(3) with broken trills, females are 
equally attracted continuous trills the same 
pulse rate, and pulse rate still the determin 
factor the response the female 
species with regular chirps, the 
rate does not determine the response 
females, ince they wall respond to pul eles 
chirp The response regular series 
However, the pulse rhythm 
the response females the chirp rhythm 
These experiments support the contention 
that song directly related reproductive isola 


tion among singing so, should 


major importance the evolution 
The SOTIYS ol closel\ lated species OCCUTTNG 


logical characters used taxonom 
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THE USE PESTICIDES THE PREPARATION 
INSECTS AND MITES FOR 


WALTER EBELING AND ROY PENCE 


Department of Entomology, University of California, Los Ar 


comparative effectiveness various The organic phosphates had 


against the two-spotted mite, telarius effect rapidly changing 


Linn., the writers (Ebeling and Pence, 1953) the appearance the Even before 


that, when treated with Aramite Chloro- were dead, and while they crawling 


benzilate, the mites, after they are killed the about, the mites became shrunken and dark 
treatment, retain remarkably lifelike appearance appearance, and when dead they 


4 


automatically arranged symmetrical manner, The various degrees desiccation resulti 
much the legs the larger insects are arranged the different acaricides appears 
the curator specimens carefully degrees effect from these compou 
for permanent collections the water-permeability the cutiel 
experiments with the western 
Accepted for publication April 1957 termite, penta 


| 
a 
treated with sodium fluoride, showing gre 
owing attached fece and ind p 


were found to have the same effect in preserving a mites were flattened, curled up, and desiccated 
lifelike appearance and posture the extreme degree (fig. and D). The 
1B, Aramite and Chlorobenzilate chlorinated hydrocarbons caused 
had when applied least part, have wet appearance and they 
this may attributed the tendency the tendency adhere one another 
insects die soon after the beginning paralysi phenomenon that was unique the pen- 


Other insecticides may paralyze the 
more quickly, but they may remain treated termites was the black discoloration, first 
the head, antennae and legs, and then the 
remainder of the body, a day or two after the 
death the termites Progressive stages 
this discoloration are shown figure 

the entomology laboratory the University 
California, Los Angeles, the usual technique 
for the preparation insects for photography 
anesthetize them with carbon dioxide and 
photograph them the moment recovery 
when they have lifelike appearance, but before 
they are sufficiently recovered crawl 
away However, a treatment that can preserve 
them appearance and posture has 
obvious advantages when desired place 
definite relationship other objects, 
for the photography insects mites arranged 
groups, particularly when different life stages, 


discoloration the bodies castes, different species, that vary 
termites killed sodium pentachlorophenate solution their response carbon dioxide, are placed 
tie ‘ ntens le il me ! 
First the head iat id | | the entire the same group 
hod become hut black . 
Experiments with other species and with 
greater chemicals might reveal other 
state for days dying compounds that would advantageous for use 
phate: again proved to have a marked effect in in killing insects or mite: for photographic 
disarranging the ind the purposes 
form and appearance of the treated subject 
trai OwWwever, CTE Wa lation Influence ot formulation on effectivene 
greater this respect, being Agric. and Food 1(5): 
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By 


THE LARVA CYPHOMYIA (DIPTERA, STRATIOMYIDAE) AND ITS 
SIGNIFICANCE 


MAURICE 


Cyphomyia and related genera have been placed 
the Stratiomyinae the basis adult charac- 
ters, chiefly wing venation and abdominal seg- 
mentation, despite the fact that these flies are 
than the Stratiomys- 
tribal name for this complex. How 
ever, the previously undescribed larva greatly 
different from the known Stratiomyinae, both 
tructure and habits, that can not con 
Adult differences, likewise, assume greater 
portance when considered with 
these larval differences I am, therefore, raising 
the tribe Cyphomyini level 


Cyphomyiinae, new subfamily 
( yphom) (tribe), Jame , 1940, Re de kent 11: 120; 
Jame ind Steyskal, 1952, Ann. Ent. Soc. Amer., 45: 386 
Type subfamily, Cyphomyia Wiede 


Cyphomyia pilosissima 
1857, Linnaea Ent. 11: 292; Williston, Biol. Centr. Amer 
244; James, 1939, Proc. Nat. Mus., 
James, 1940 Rev. de Ent., 11: 145 


Mature larva. Length, color 
reddi h brown (spec Wnens preserved Iti alcohol), 
with paler markings 

Head (fig. shghtly longer than maximum 
width, tapering from eyes forward to the blunt 
stripe smooth but not shining, not 
clearly differentiated except color 
slightly not separated from the labrum 
Antennae minute, set far back from apex; eyes 
large; two bulbous tubercles behind each eye 
Labium ver lend rand elongated, tour time as 
long its maximum width, shaped like atten 
uated hourglass, rted about the basal fourth 
the ventral surface the head and reaching the 
maxillary brushes, the lower part more heavily 
clerotized and light brown, the apical part 
and whitish. Chaetotaxy head consisting 
two pairs bristles the frontal stripe, the 
anterior one the larger, and two small, closel 
set setae on the labrum: a large bristle above and 
similar one below each and smaller bristle 
line with these, between the eye and the 
two small medium-sized bristles 
the oral margin, one just opposite the 
other just behind the apex the labium; and 
mall bristle below and medium one antenor 
each antenna. Frons, labrum, eyes, 


area around antenna and 


JAMES 


State College ot Wa hington, 


ventral surface yellowish white ' darker areas ot 
shagreened, the integument 
hexagonal plates; the ventral surface, thes 
plates white, outlined with reddish-brown, thu 
producing dilute coloration 

Body outline oval, the Tar of the imdividual 
segments approximately straight, only 


crometer units approximate 
because the flexibility the integument 


head 54, maximum width prothorax 
length 38, width anterior margin 77, 
terior margin maximum width mesothorax 
117, metathorax first abdominal 
of abdomen (third egyment) lol, of eventh 
abdominal length segments from meso 
thorax through seventh abdominal varying from 
50; width abdominal 105 base 


at its truncated ap Jength of eighth evyinent 
65. Thoracic spiracle large, lateral position 
with two evident slits (fig. Small larval 


spiracles present abdominal segments through 


] 


around a calcareou plate and | hip? above a 
crescent haped row of three to ix caleareou 
plates, on each of abdominal segment 2 to 0 
visible dorsal surface, apex (fig. 


ground color, thickly beset with small 


Integument 


{ 
to hexagonal whitish caleareou plate ind wit 


areas reddish brown appressed 


the individual scales being smaller than the cal 
careous plates and usually thickly Dorsal 
the and posterior margins the 
and ol the first CVCT) abdon ical 
what elevated with low transverse ridges occup 


fourth fifth the seyment, these 


appearing more whitish because the 


prominence the plates, except where 
obscured b the cal Ten entrall these 
areas but lightly elevated; the 
and first terga beset 
the calceareou plate being almost obscured 

TOW TOW of these Cie pre ent on the antes 
margins of abdomina terga 2 to ¢ and © the 
margins the third thoracie 
even abdominal terga, the tergal scale ! ! 


to the raised 


d 
cle t hie rm ere nica tnt 4 
ill develope. These hor 
A epted tor publi bier M 15, 1947 pupariut 
t 


last tergum. Ventrally, these scaly areas 
pattern but more extensive; addition, 
median patch each sternum beginning with 
the second thoracic, where small, increasing 
size the third abdominal tergum, where 
takes almost the median third from anterior 
posterior margin, and continuing the 
cighth sternum beset with scales the 
crescent-shaped perianal ridge and along the anal 
whitish spot, its center and extending length- 
wise, composed very closely packed, minute 
plates, each about half the diameter the 
ordinary plates; this spot about one- 
third long the length the segment 

Dorsal thorax and first seven 
abdominal segments consisting three pairs 
bristles per segment (figs. 4), with accessory 
median the prothorax the outer pair 
always small, located near the anterior margin 
the thoracic and near the margin the 
abdominal terga; the intermediate pair large and 
strong the thorax, where occupies median 
position along the longitudinal axis the seg- 
ments, but suddenly becoming weak 
teniorly located on the abdomen; the innermost 
always occupying median position the 
longitudinal axis, weak the thorax but 
becomes strong the abdomen Laterally, 
weak, curved bristle near the anterior margin 
segment except the last abdominal, and 
strong bristle each segment except the pro 
thorax; this bristle median longitudinal axis 
the mesothorax and gradually moves posteriad, 
being almost the apical margin the eighth 
seyment, which also bears a strony median lateral 
strong apical pair, and pair weak, 
bristles between the apicals (fig. 
Thorax ventrally on each segment, with a mod 
erately bristle anterolateral 
margin, strong double bristle each side 
the median half, near the middle the segment 
the lengthwise axis, and minute pair between 
these; chactotaxy first seven seg 
ments similar, except that each double bristle 
dominal sternum with cight strong bristles, two 
arranged transversely to cach penanal ndge and 
one each side the 

Deseribed from two larvae and one puparium, 
with associated reared adults, Mexico, 
K-66) (Puebla Highway), Coll De« 1, 1956, 
rved Feb. 26, 1957, base maguey 
Jan. and Feb. 22, 1957 

DISCUSSION 

addition the larvae and puparium de- 


puparium marshalli Lindner, from 
the Solomon Islands, and drawing the 


\ 

cy 


Fic. | Head and prothorax, dorsal view Fic. 2 
Prothorac spiracle, dorsolateral view Fic. 3 Side 
third abdominal segment, showing 
and site pupal spiracle (p.s.). Fig. 
and eighth abdominal segments, dorsal view 


larva made Dr. Clifford two puparia, 
poor condition, bicarinata Williston, from 
Tucson, Arizona; and series undetermined 


condition warrant this time 
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James: 


larvae from Honduras. This admittedly 
meager representation group which contains 
about hundred species, but, though differing 
some quite obvious characters 
portance, these four agree in the possession of a 
outstanding characters which would 
appear generic These are sum- 
marized follows. 

Head large, conical clongat frontal 
stripe distinctly demarcated; antennae distinct 
though very small, two-segmented, 
position, removed some distance from the head 
apex; eyes prominent, with two more tubercle: 
behind and sometimes also below each Pro- 
thoracic spiracle set large tubercle, 
located spiracle with two slits which diverge 
into opening anteriorly; small, antero 
laterally located, inconspicuous spirac le present 
each the first seven abdominal and some 
the metathoracic terga; sites pupal 
respiratory horns (visible only the mature larva 
approaches pupation) present anterolaterally 
abdominal segments and spiracular slit 
last abdominal segment dorsal, not fringed with 
thorax and abdomen arranged 
three longitudinal rows each side 
median line; those the innermost row weak 
the thorax, 
intermediate row either all strong else stronger 
the thorax; those the outer row the 
Honduras ¥e the ventral segments, on the abdo 
men, each with two well spaced bristles, 
transverse row, on cac h side of the median lin 
the thorax, these bristles united into 
bristle each side 

The larvae the Stratiomyinae (including the 
which have examined) differ the 
smaller, less tapering head; the relatively 
antennae, which are usually more anterior 
position the less well developed eyes and the 
lack tubercles behind and below them: the 
dorsally placed prothoracic spiracles, which lack 
definite slits and which are not located distinct 
tubercles; the lack pupal sites; the 
weak chactotaxy; the terminal posterior spiracu 
lar slit, which fringed with conspicuous 
hairs; and the streamlined, longitudinally striped 


body Stratiomyvine larvae are aquati wherea 


strong the abdomen; those the 


Greene 


the are scavengers decaying 
Arizona, were reared from decaying prickly 
whereas those sp. from wer 
under the bark cedar log 

many respects, the larva 
strong resemblance the sargine and, 
more limited extent, the These 
three are much more similar 
another head structure than any one them 
agree the form and position the 
spiracle, the dorsal subterminal, untringed 
(though not the detail) the pupal 
horns. Also, the three longitudinal 
bristles each side the median line the 
thorax and abdomen are common to the three 
though the pattern the Cypho 


ten-segmented, rela 


distinctive 
tively unmodified antenna the adult 
distinctive character; but the 
ginae share with the the primitive 
wing with its complete venation, the 
tendencs toward metalh 
receding, least not produced, 
The tendene 
toward expanded, often flared orbits 
the females, the other hand, 
The only logical position, the 
basis present evidence, consider Cyphomyta 
and its relatives from both the 
and the Stratiomyinae, but closer the 
than to the latter 


coloration, and the 
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BOOK NOTICE 


TEXTBOOK ENTOMOLOGY econd edition, 


rel midex Ne York Jo n Wile or Irie 
second edition this widely used text mucl 
impro ed revision of a book first publi hed in 1948 
Jour. 41: 996 Although the 
treatment and arrangement are identical and the total 
page smaller, numerous correction 
additions well ome deletions have been made 
One the significant improvements the revised edition 


the inclusion many references recent work the 
end of eact chapter and ¢ ich order 


text the only one published the U.S.A 
which attempt made present balanced surve 
of the entire field of entomology for the beginning student 

limited number pages which can easily covered 
course Although this admirable 
presents many inherent drawback These were 
evident the pioneer first edition but have 
been somewhat alleviated in the revision Phe greatest 
problem 1 that of adequate coverage ol each ubject 


thout oversimplification and extreme generalization 

The usual solution of this problem is to leave out all or 
Y 

most the details, controversial points and conflicting 


with the result that the student left with the 
mpression that either everything obviously simple 
that nothing really known all about the subject 
It seems to be the general view amony contemporary 
textbook writers that our students 


and maturity grapple with details, are 
unable draw their own conclusions (with some 


ice naturally from the evidence pre ented, cannot 


understand anything but “basi h, and that 
theretore they hould |x exposed only to the barest 
elemental material which will not tax their faculties nor 
burden them with detail There is little in such text 


to stimulate a student, to pomt out avenue of needed 


fruitful research, and attract them the field 
A textbook should be more than just slightly polished 
lecture notes which a student can read without effort or 


memorize verbatim betore an examination 


texts, experience, are of littl ilue to the imstructor 
vell, for if he ha i yenuine interest in teaching He 


must present in his lectures much material which ts not 
the text and to which the tudent has no ready acce 


lacking the experience evaluate 


except for minor detail ol empha 1 the ubject 
covered in thi textbook are « ential! the ime a 
those most teachers of general entomology have stressed 
their courses for the last year Prior the 
ppearance of Dr. Ross’ text several of these subject 
id been me plected in American texts and were treated 
only im specialized and advanced book (Snodpra 
Johannsen and Butt omewhat beyond 
the student abstracting and 


interpreting the material from. these ource for the 
original editor, Dy Ro In my Opinion, attempted to 


implify and condense too much that many the 
yeneralization pre ented had little or no evidence 
mentioned m= their upport and were not 
convineing or even misleading In the re ed editio 
ome of these yeneralizations have been eliminated 
modified qualified, but still require the student 
tuke too much tor yranted and pi him a false impre 


the status knowledge the field. Despite these 
horteomimny the econd edition of “‘A Textbook of 


Entomoloyy’’ is a useful text for it contains the most 
up-to-date in field that are not covered 

other text Undoubtedly it will be used even more 
idely than the first and will influence many 
tudent Therefore IT beheve that the following det led 
comments, derived trom reading the book from cover 


cover and from its actual use in my course, should 
pirit of constructive criticism 


In the first ec} pter on the ‘Growth of North Americar 


he presents d in 


Entomology (p. 1-25) little change has been made 
except for the inclusion paragraphs advances 
economic entomology since 1944 and more up-to-date 


second chapter: ‘‘Arthropods: Insects and Their 


(p. 26-49) has been extensively reorganized, 
rewritten and condensed that horter 
Most the condensation has been accomplished the 


reyrouping and elimination figures and the exclusior 
the bulk the discussion the Crustacea. The 


information presented general much less extensive 
than one would find zoology text and 
largely confined superficial feature There 


unfortunate usage the term biramous the trilobite 


figure the has been inverted. Keys have 
been provided the subclasses Arachnoidea and some 
ot the order ol Arac hnida but none are a ailable for the 


classes of the Arthropoda 

The principal revisions the chapter 
(p. 50-89) have been made the sections 
the origin the head and wing venatior The 
approach the subject remains largely descriptive 
ery little attention paid morphological 
and criteria. greater amount detail presented 
this chapter than anywhere else in the text LD pit 
this, phase insect morphology treated manner 
that will enable student make interpretations 


determine homologies independently unfortunate 
opinion, that the mouthparts and the wing venation 
particularly are not covered more thoroughly The 


morphology immature stages largely neglected. 


few minor error have been noted: only two ocelli are 
ometimes developed 56); exite used the plural 
page pleura tated correct form; the 
thoracic sclerite of apteryyote can be better described 
rudimentary rather than (p. 73); 


the pretarsus | described, it is not labelled in fig 64 


extreme! brief and has undergone very little revision 
I cannot agree with the author that physiology should 
treated separately from anatomy, for structure 
little significance when divorced from function and 
ver the much more extensive chapter 
‘P} iology"' (p 108-162) much revision has been made 
many restrictions and qualifications generaliz 
Lio that were too broad Am ¥ section has been dded 
on the phy iology of de clopment which mcorpora le the 


former brief discussions metamorphosis and diapause 


still remain numerous questionable statement 
tor ex mple reference to the bod vall or integument 
in organ (p. 109); stretching of cuticle to accommodate 
expected size increase (p. 114); pharynx and pharyngeal 
pump tor cibarium and pump (p. 117); mentior 
histoblasts connectio ith histogenesi 143 
no distinction between stemmat ind ocelli (p 153 
The ‘Life Cyele chapter p. 163 202) has undergone 
considerable revision the text vell figure 
The major change ire in the discussion of met 
morpho It unfortunate that sue t fundamental 
controver il ubject a Insect met morpho 
treated only from one extreme point view, without 
mention of any other interpretatior The use of ( 
uperficial criterion for the definition 
comple te ncomple te metamorphost t} thre 
result t h hemimetabolon fort 
rdl the ke of After 
il], convergence and parallelist re fou ery phase 
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Book 


recognize them The section on aquatic, semi-aquati 
and marine insects been justifiably eliminated for 
there was little thi ection that was not included 
remain undetected have appeared the revisior 
mong them: insect egys are better described ; phero ] 
rather than ell pses (p 164): the heart derived fron 
mesoderm: not ecladerm (p. 170 


t 


The chapte ron ‘“The Orders of Insects"' (p. 203-403 
orms, the first edition, roughly the 


olume. has undergone considerable revision, addi 
tion, and some reorganization. There new, mucl 
needed introductory ection the evolutior ind 
phylogeny insect orders, where interpretation 
presented that particularly controversial the 
Apterygota but references are made other 
pretation Portions the key orders, which 
largely restricted adult forms, have been revised 
All the orders of primitively wing le insects have been 


lumped into the ubclass Aptergyygota Many entomolo 
pists, including the reviewer, believe that there i imple 
ustification for the recognition separat 

for the Protura 


e subclasse 


ind Collembola, was done the first 


edition On the other hand ther seems to be little 
ustification at thi tage of our ‘knowledge for the 
eparation the Microcoryphia order from 
the Thysanura. The subclass now divided 


into the Paleoptera and the Neoptera and the latter 
into orthopteroid, hemipteroid and neuropteroid 


of order The discussions of the characteristic of 
these divisions are confined to the introductory sectior 
evolution which only one two characters are 


mentioned. The Orthoptera s. /at. have been split into 


the Cursoria and Orthoptera; the Mallophaga, Anoplu 
and Rhynchophthirina have been the 
Phthiraptera; the Neuroptera have been split into 


Neuroptera and Raphidiodea; the 
trepsiptera remain suborder the Coleoptera; the 
remaining orders are considered in the traditional fashion 
lementary both with morphology and ecology; 


those the families are even more superficial. For 
example, for the characteristics adult mosquitoes all 
we find (p. d84 ‘Long-legged slender insects, fig, 329 
laVving beadlike antennae (in the male they are plumo ‘ 
the Chironomidae) and many-veined wing 
mall subfamil the Chaoborinae (non-biting 
have (st) mouthparts that resemble pad All 
the true mosquitoes belong the subfamily 
these the mouthparts form beak, composed 
highly modified assemblage piercing-sucking part 
(see fig. 55, p. 70 Although the excellent text and ke 
illustrations ofter compensate some What for this brevit 
this chapter the whole the weakest the book 
keys families, the first edition, are 
irtificial and are restricted the adults the 
common torm Several new key have been added 
Collembola, Phthiraptera, Megaloptera, 
Mecoptera, Siphonaptera) and others have been 
(Cursoria, Orthoptera, Apoidea, Diptera 
the value artificial keys such this 
for that matter, any textbook They properly 
identification manual, such ‘‘An Introductior 
to the Study of Insect by DD. J. Borror and D. M 


) I 

DeLong (New York, Rinehart, 1954 Artificial 

teach little except recognition character chat 
tics and variations the various grot 


brought out u extbook much more tisfactoril vith 


iovenetic ke Among the ne mecorrected 


163 the Ephem 
Hat dible 


condyle 


pelle d (p 217 


ized and amplifie d 
interpretation 


pplic thle: Bacillu 


reference 


particularly 


of exceller 


numerou 


errors chapter, the following may ted 
d instead of the primitive mono 
the more widely accepted 289); 
name ire often treated as being im the ingular (p, d02 
Le ind elsewhere Scarabaeidae m yx lled p. 320, 337 
es but not in fig. 262, 2638 
404-424) remains one the outstanding features 
“ the text It has beet ery extensively revised, reory 
ind pre ent imuch more coherent 
dent that the uthor 
oe reviewed thi field recent in connection wit 
research Perl p here { not nece or eve 
possible to po into greater detail or to mention diverge 
mentioned earlier, fig. 349 does not 
vith tig 163 in reyard to thet of mandibular rtiu 
tion im the Ephemeroptera the 
es dynamu has been added Irs yeneral most of the | ‘ 
of the qadiscu ee ire edt ri ple 
ee to beyinning student dism ed in nine line or 
densation and simplification give the rong. impre 
to the reader u everal imstanes Por example 
it developmental cycle with the imtes l er ronment 
of the insect, no mention made of tl ‘ entia cle 
(365 and one cannot help but di the conclusion that these 
p 77 In the ime ection nul er ot ory m re 
mentioned under yeneric re no lo 
Passing has been made the 
ie tvle used throughout the hook Cert 1) portio 
me written and even give the mpre on of off-hand state 
ments that have not been checked for either content 
form Che ell chosen and 
hand, there evident the second edition 
toward oversimplification llustratio ome 
representation | e had det ot bye elim ted 
“4 Phe attractive ph cal make-up of the first, letter 
pre edition has beet crificed some extent the 
ll of the 15 copie of the book exal ed | 
numerous page wit trons ed-out appear | 
1 type face ind the reduction of the e of met 
figures has permitted yhit fuller n f the 
ing ol pace Ost large pler 
headings and the rather frequent 
mprovement } been ; cle ppent lor, 
a tion through the use of better center | le ‘ ! 
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THE INDEX THIS VOLUME 
HAS BEEN REMOVED FROM THIS 
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ANNALS THE ENTOMOLOGICAL AMERICA 


Cyanamid Report 


Resistance 


Resistance chlorinated hydrocarbon type 
insecticides has been proven suspected in: 


cockroaches house flies 


flea beetles 


mosquitoes 


Colorado potato beetie cotton boll weevil 


dog and cat fleas body lice 
bed bugs lygus bugs 
codling moth cotton leaf worm 


leafhoppers dog ticks 


Many researchers have found malathion 
capable replacement for the chlorinated 
hydrocarbons and have made recommendations 
for its use. you have problem 
your area, you might well consider malathion 
for your 1957 research schedule. 


Developers and producers malathion and parathion 


Write for AMERICAN CYANAMID COMPANY 
particular Agricultural Chemicals Division 
technical Insecticide Research 
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ANNALS THE ENTOMOLOGICAL SOCIETY AMERICA 


CONTROL THESE INSECTS 


CHLORDANE: Armyworms, Blister Beetles, Boxelder Bug, Brown Dog Tick, 


Cabbage Maggot, Carpet Beetles, Cattle Lice, Chiggers, Cockroaches, Crickets, 
Cutworms, Darkling Beetles, Dog Mange, Earwigs, Fleas, Flies, Grasshoppers, 
Household Spiders, Japanese Beetle Larvae, Lawn Moths, Lygus Bugs, Mole 
Crickets, Mosquitoes, Onion Maggot, Onion Thrips, Plum Curculio, Sarcoptic 
Mange, Seed Corn Maggot, Sheep Ked, Silverfish, Sod Webworms, Southern 
Corn Rootworm, Strawberry Crown Borer, Strawberry Root Weevils, Sweet 
Clover Weevil, Tarnished Plant Bug, Termites, Ticks, Wasps, White Grubs, 
Wireworms...and many others. 


HEPTACHLOR: Snout Beetle, Alfalfa Weevil, Ants, Argentine Ant, Army- 


worms, Asiatic Garden Beetle Larvae, Black Vine Weevil, Root Maggots, Clover 
Root Borer, Colorado Potato Beetle, Corn Rootworms, Cotton Boll Weevil, 
Cotton Fleahopper, Cotton Thrips, Crickets, Cutworms, Egyptian Alfalfa Weevil, 
Chafer, Eye Gnats, False Wireworms, Flea Beetles, Garden Web- 
worm, Grasshoppers, Japanese Beetle, Leaf Miners, Lygus Bugs, Mormon 
Cricket, Mosquitoes, Narcissus Bulb Fly, Onion Maggot, Onion Thrips, Rapid 
Plant Bug, Rice Leaf Miner, Salt Marsh Sand Fly, Seed Corn Maggot, Spittle- 
bug, Strawberry Root Weevils, Strawberry Rootworms, Sugar Beet Root Mag- 
got, Sweet Clover Weevil, Tarnished Plant Bug, Tuber Flea Beetle, Western 
Harvester Ant, White Fringed Beetles, White Grubs (June Beetles), Wireworms 
..and many others. 


Budworms, Cabbage Worms, Cotton Boll Weevil, Cotton Bollworm, Cot- 


ton Fleahopper, Fall Armyworm, Grasshoppers, Hornworms, Leafworms, Rapid 
Plant Bug, Spiny Bollworm, Sugar Beet Webworm, Tarnished Plant Bug, Thrips. 


WRITE FOR FULL PARTICULARS 


General Offices and Laboratories Foreign Division 
330 East Grand Avenue, Chicago 11, Illinois 


350 Fifth Avenue, New York 1, N.Y 
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ENTOMA 


EDITION 


DIRECTORY 
PESTICIDE MATERIALS-EQUIPMENT-SERVICE 


(Published the Entomological Society America) 


Among many uses are: 
INFORMATION 
Insecticides, fungicides, herbicides, and 
Safety measures working with 
Antidotes for pesticides. 
Dilution, weight, measure and capacity. 


Temperature, humidity, and gravity tables 
Calibration Field and Hand Sprayers. 
How Mix Pesticide Concentrates Desired Spray Strength. 


Sources Materials, Equipment, and Services: 
Insecticides, fungicides, herbicides, and 
Sprayers, dusters, foggers, and mist blowers. 
Custom application 

Pest control operators. 

Commercial arborists. 

Teaching equipment, supplies, movies, and books 
Testing laboratories. 


Consultants. 


Listing Federal and State Legal, Research, and Extension Leaders Ento- 


mology and Plant Pathology. 


Cloth-Bound 


Make Checks Payable ENTOMA 


Order From 
Fisher, Entomology Department, 
University Wisconsin, Madison Wisconsin 
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